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ABSTRACT 
Current i n t e r e s t i n stu d i e s of past c l i m a t i c changes as revealed 
in long i c e cores has stressed a need f o r understanding the develop-
ment of the record preserved i n these cores. This study i n v e s t i g a t e s 
whether the record preserved a t depth i s more a fu n c t i o n of deposi-
t i o n a l processes or of processes a c t i n g during or soon a f t e r b u r i a l . 
The temporal and a r e a l v a r i a b i l i t y of accumulation are i n v e s t i g a t e d 
w i t h a view to understanding how representative a s i n g l e core i s f o r 
a c e r t a i n r e gion, both i n time and space. The v a l i d i t y of c e r t a i n 
s t r a t i g r a p h i c i n t e r p r e t a t i o n s f o r dating i s a l s o assessed. 
Evidence from snow p i t studies made at Dome C, East A n t a r c t i c a , 
(74 34'S, 123 10'E) suggests that a major part of the d e p o s i t i o n a l 
features are preserved with depth. V i s i b l e annual s t r a t a are com-
posed of t h i n hard c r u s t s o v e r l y i n g t h i c k e r l a y e r s of s o f t to medium 
hard snow. Depth h o a r - l i k e low den s i t y l a y e r s , when they occur, are 
most often found below the t h i n hard c r u s t s . Cycles i n the concen-
t r a t i o n of gross Beta r a d i o a c t i v i t y and m i c r o p a r t i c l e s occur and can 
be a c c u r a t e l y dated when studied i n conjunction with a d e t a i l e d 
record of the v i s i b l e s t r a t i g r a p h y . 
Accumulation stake measurements are used to study the formation 
of annual l a y e r s at Dome C. These measurements support the b e l i e f 
that d e p o s i t i o n a l processes can account f o r a major part of the 
s t r a t i g r a p h i c record. 
Strong near surface temperature gradients and the associated 
e f f e c t s of thermal conduction, vapor d i f f u s i o n and a i r convection 
c o n t r i b u t e to the development of depth hoar and with time may lead 
to s i g n i f i c a n t changes i n the v a r i a t i o n s i n hardness, d e n s i t y , grain 
s i z e and p o s s i b l y i m purity concentration and t o t a l mass preserved i n 
i n d i v i d u a l l a y e r s . 
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INTRODUCTION 
In recent years there has been heightened i n t e r e s t i n the causes 
of the f l u c t u a t i o n s of climate which have been i n f e r r e d from the 
a n a l y s i s of long cores from the major i c e sheets and the deep ocean 
basins, as w e l l as from t r e e r i n g s (Global Atmospheric Research 
Programme, 1975). P a r t i c u l a r l y important have been the r e s u l t s of 
work on i c e cores from Greenland and A n t a r c t i c a which can provide 
h i g h - r e s o l u t i o n records of past f l u c t u a t i o n s i n some of the charac-
t e r i s t i c s of climate f o r the past approximately 100,000 years, on 
scales of decades or years. I n t e r e s t i n understanding the large i c e 
masses of A n t a r c t i c a and Greenland and t h e i r response to l o c a l and 
globa l climate has shown the need f o r more d e t a i l e d studies of the 
f a c t o r s which a f f e c t the dynamics and mass budget of these i c e 
sheets (National Academy of Sciences, 1974; Global Atmospheric 
Research Programme, 1 9 7 5 ) . 
In order to i n t e r p r e t the s t r a t i g r a p h i c record preserved i n long 
i c e cores i t i s important to understand the e f f e c t s of i c e flow at 
depth, the transport of snow to the g l a c i e r , and the processes 
o c c u r r i n g near the surface of the i c e sheet. A study of part of 
these surface phenomena i s the subject of the present work. 
The t h i c k i n t e r i o r p o r t i o n s of the East A n t a r c t i c i c e sheet 
contain the longest records of snow accumulation i n A n t a r c t i c a . In 
preparation f o r deep d r i l l i n g i n one region, Dome C (Figure 1 , 
74 3 0 ' s , 123 1 0 ' E ) , i n v e s t i g a t i o n s were conducted to obtain 
information concerning the surface regime and i c e flow character-
i s t i c s (Lorius and Donnou, 1978; W h i l l a n s , 1 979 ) . Studies of the 
present surface regime at Dome C have been conducted by both French 
and American g l a c i o l o g i s t s . The present study includes the r e s u l t s 
of two a u s t r a l summers of surface i n v e s t i g a t i o n s . 
The use of new methods to date deep i c e cores such as analyses 
of oxygen isotopes (Dansgaard and others, 1973) and m i c r o p a r t i c l e 
p r o f i l e s (Thompson, 1977; Mosley-Thompson, 1980) has led to com-
parisons w i t h the t h e o r e t i c a l p r e d i c t i o n s of age from flow models 
(Raynaud and othe r s , 1979 ; Hammer and others, 1 978 ) . A knowledge 
of the current accumulation r a t e at the surface i s important f o r the 
development of time scales i n deep i c e cores and fo r use i n these 
t h e o r e t i c a l c a l c u l a t i o n s . In a d d i t i o n to the use of oxygen isotopes 
and m i c r o p a r t i c l e s , a method which has been developed to obtain t h i s 
i nformation involves the de t e c t i o n of l e v e l s i n the snow e x h i b i t i n g 
high concentrations of a r t i f i c i a l r a d i o a c t i v i t y from the f i s s i o n pro-
ducts of nuclear weapon t e s t i n g . These l e v e l s i n A n t a r c t i c a corres-
pond to approximately January 1955 and January 1965 and allow f o r 
the determination of mean annual accumulation since 1955. 
A major p o r t i o n of the i n t e r i o r of East A n t a r c t i c a , i n c l u d i n g 
Dome C, has an annual accumulation of le s s than 50 kg/m /a ( B u l l , 
1 
South Atlantic Ocean «• 
Figure 1. Location map showing the Dome C s i t e i n c e n t r a l East 
A n t a r c t i c a ; modified from Dalrymple, (1966). 
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1971). I t i s therefore important to determine whether the s t r a t i g -
raphy at the surface of the i c e sheet (as revealed i n surface snow 
p i t s ) can be i n t e r p r e t e d as i t can i n other parts of A n t a r c t i c a 
(Cameron, 1964; Benson, 1970; B u l l , 1971) where the accumulation 
rates are higher. 
The f o l l o w i n g o b j e c t i v e s were e s t a b l i s h e d f o r the work at Dome C 
(1) To i n t e r p r e t a c c u r a t e l y the s t r a t i g r a p h y i n an area of 
low annual accumulation i n terms of d e p o s i t i o n a l and 
diagenetic processes. 
(2) To study the a r e a l v a r i a b i l i t y of the accumulation r a t e 
near the Dome C camp and the i m p l i c a t i o n s of t h i s a r e a l 
v a r i a b i l i t y to s t r a t i g r a p h i c i n t e r p r e t a t i o n s . 
(3) To i n v e s t i g a t e whether some of the conventional snow 
s t r a t i g r a p h i c methods of dating (that i s , the i n t e r p r e t a -
t i o n of v i s i b l e s t r a t i g r a p h y ) and other more r e c e n t l y 
developed methods ( i n v o l v i n g measurements of m i c r o p a r t i c l e 
concentration and gross B - r a d i o a c t i v i t y p r o f i l e s ) can be 
applied with confidence i n areas of low annual accumula-
t i o n such as Dome C- Comparatively few studies of t h i s 
k i nd have been made i n such regions ( P i c c i o t t o and others, 
1971; T a y l o r , 1971; Pourchet, 1979; P e t i t and others, 
1980). 
FIELD PROGRAM 
Dome C i s one of seve r a l i c e ridges located i n the c e n t r a l 
p o r t i o n of the East A n t a r c t i c plateau. TheQmean e l e v a t i o n and mean 
annual a i r temperature are 3240 m and -53.5 C r e s p e c t i v e l y (Lorius 
and Donnou, 1978). Radio-echo and seismic sounding (Scott P o l a r 
Research I n s t i t u t e , 1974; Robin, 1975; Bentley and others, 1979) 
show that the i c e there i s approximately 3400 m t h i c k . 
The A n t a r c t i c Plateau, according to Dalrymple (1966) i s that 
area of East A n t a r c t i c a above 2000 m with an average surface slope 
of less than 1%. The homogeneous microclimate which i s developed 
over the plateau i s determined by the high e l e v a t i o n , low surface 
slope and low temperature. R e l a t i v e l y calm and stabl e conditions 
are e s t a b l i s h e d at the surface due to the presence of a strong 
temperature i n v e r s i o n which p e r s i s t s almost year round and i s o l a t e s 
the i c e sheet surface from the main part of the troposphere. A low 
pressure area develops over the i c e sheet as a r e s u l t of the tem-
perature c o n d i t i o n s but the high surface e l e v a t i o n s g e n e r a l l y prevent 
cyclones from penetrating to the i n t e r i o r of the continent. Thus, 
p r e c i p i t a t i o n i s high (up to 800 kg/m^/a) i n the co a s t a l regions and 
i s much l e s s on the plateau. 
M e t e o r o l o g i c a l observations at Dome C i n December 1978 and 
January 1979 showed g e n e r a l l y f a i r weather with low winds (< 5 m/s) 
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and c l e a r - s k y i c e c r y s t a l p r e c i p i t a t i o n . About one week of stormy 
weather occurred at the end of December when r e l a t i v e l y high winds 
(10 m/s), cloud cover, and snow f a l l were common. 
Previous Work at Dome C. Work at the Dome C s i t e has been c a r r i e d 
out p r e v i o u s l y as part of the I n t e r n a t i o n a l A n t a r c t i c G l a c i o l o g i c a l 
Program (IAGP) by researchers from A u s t r a l i a , France, the United 
Kingdom, the United States and the Union of Soviet S o c i a l i s t 
Republic. Surface g l a c i o l o g i c a l studies (Lorius and M e r l i v a t , 1977; 
Delmas and Boutron, 1978; Lambert and others, 1977; P e t i t and others, 
1982) and deep i c e core i n v e s t i g a t i o n s (Lorius and others, 1979; 
Raynaud and others, 1979) have been undertaken to increase under-
standing of the present and past conditions of the East A n t a r c t i c 
i c e sheet (National Academy of Sciences, 1974). 
The present study was made to obta i n information on the present 
surface conditions at Dome C- In the f o l l o w i n g s e c t i o n the 1978-79 
f i e l d program of surface p i t and stake measurements i s described. 
In a d d i t i o n , shallow temperature studies were made and long-term 
experiments to measure the surface s t r a i n rate and f i r n d e n s i f i c a t i o n 
were begun. 
Accumulation Stakes. As a means of studying the accumulation rate 
and surface roughness, a network of bamboo stakes was e s t a b l i s h e d 
roughly 1 km g r i d SW of the Dome C camp (see Figure 2). This net-
work, subsequently r e f e r r e d to as "the bamboo f o r e s t " c o n s i s t e d of 
poles, 3 m apart i n a 10x10 g r i d . The poles were surveyed w i t h a 
l e v e l l i n g instrument and numbered i n rows (A-J) and columns (0-9). 
The top of the pole AO was chosed as a reference point and a r b i -
t r a r i l y given an e l e v a t i o n of 10.00 m. The snow surface e l e v a t i o n 
was then obtained by measuring the exposed pole length on the g r i d 
N side using a tape measure and s u b t r a c t i n g t h i s from the e l e v a t i o n 
of the pole top. Measurements were made to the nearest 0.01 m. 
The bamboo f o r e s t was set up on December 5, 1978. Subsequent 
measurements of the exposed pole length were made on December 7, 
23 and 29, 1978 and on January 16, 1979 and during the 1979-80 f i e l d 
season on November 30, 1979 and January 1, 1980, The data are given 
i n Appendix I. 
A second set of accumulation stakes was set up to measure accu-
mulation over a la r g e r region. This accumulation network had four 
branches o r i e n t e d along the g r i d d i r e c t i o n s , each with 25 poles, 
separated by about 1 km. The f i r s t pole i n each branch was 6 km 
from the c e n t r a l survey s t a t i o n (see Figure 2 and Figure 7), because 
the area w i t h i n 5 km of the s t a t i o n was disturbed by human a c t i v i t y . 
Distances between poles were measured using an odometer wheel towed 
behind a snowmobile. Q u a l i t a t i v e observations concerning the sur-
face features and s a s t r u g i development along the branches were also 
recorded. These poles were remeasured during the 1979-80 f i e l d 
season and a d d i t i o n a l poles were put at the ends of the East and 
West branches. The accumulation rates c a l c u l a t e d from these studies 
are given i n Appendix I . 
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Figure 2. Dome C camp showing o r i e n t a t i o n of s t r a i n net and l o c a t i o n of snow 
p i t s and i n t e n s i v e study area. 
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Snow P i t Studies. During the 1978-79 a u s t r a l summer, f i v e s t r a t i -
graphic p r o f i l e s were observed and sampled i n four 3-meter snow p i t s 
of varying dimensions, i n the Dome C area. In a d d i t i o n , an experiment 
was c a r r i e d out i n which s i x one-meter p i t s , w i t h i n about 50 m of one 
another, were studied to observe the temporal changes, i n the v i s i b l e 
s t r a t i g r a p h y . 
The 3-meter p i t s ( l e t t e r e d A-E, see Figure 2 f o r l o c a t i o n s ) were 
excavated i n two stages; a l l work i n the top 1.5 m was completed 
before the remaining 1.5 m was excavated. This provided a convenient 
working depth and, by not exposing the snow p i t w a l l u n t i l i t was 
about to be studied, a l t e r a t i o n by r a d i a t i o n , a i r c i r c u l a t i o n and 
contamination was reduced. Once a p i t wall was exposed, i t was found 
to soften up very q u i c k l y as a r e s u l t of the exposure to r a d i a t i o n 
and the e f f e c t s of a i r c i r c u l a t i o n i n the p i t . A f t e r the v i s i b l e 
s t r a t i g r a p h y had been studied, snow samples were taken f o r gross 8 
r a d i o a c t i v i t y and m i c r o p a r t i c l e a n a l y s i s . A minimum of two days was 
required f o r two people to complete studies on a p i t face 3 m deep 
and 2 m wide. 
Studies of the 1-meter p i t s took much l e s s time; i n about four 
hours one person could complete the p r o f i l e . In each 1-meter p i t , 
one of the exposed w a l l s was mapped, d e n s i t i e s and temperatures were 
measured and snow samples were taken f o r a n a l y s i s of oxygen isotopes 
by Dr. Minze S t u i v e r of the U n i v e r s i t y of Washington, S e a t t l e . The 
r e s u l t s of the oxygen isotope analyses are not a v a i l a b l e yet and w i l l 
be discussed i n a future p u b l i c a t i o n . 
Soon a f t e r a p i t had been excavated, the s e l e c t e d w a l l was mapped. 
This involved q u a l i t a t i v e observations of the hardness of l a y e r s , t h e i r 
t hickness, extent, and two dimensional o r i e n t a t i o n . Where the surface 
was reasonably f l a t , the surface was used as a reference l e v e l f o r 
depth measurements. In other cases, a l e v e l reference l i n e was made 
0.05 to 0.10 m below the surface and the w a l l was mapped both up to 
the surface and down below the zero l i n e . In a l l cases, zero i s the 
defined reference l e v e l noted on each p i t map. 
The r e l a t i v e hardness of the f i r n l a y e r s i n each p i t was measured 
by noting the r e l a t i v e d i f f i c u l t y of pushing the blunt end of a p e n c i l 
i n t o the f i r n . Layers were designated as being very s o f t , s o f t , medium-
hard or hard. The l a y e r i n g was most often h o r i z o n t a l on a scale of 
2-3 m but i n some places undulating features were observed, which 
probably represent buried surface r e l i e f . 
While t h i s mapping was being done, a second person measured 
temperatures with a d i a l theromometer. A s e c t i o n of the w a l l was cut 
i n t o f o r a f r e s h surface and temperatures were measured every 0.10 m. 
The thermometer was allowed to e q u i l i b r a t e f o r approximately f i v e 
minutes at each measurement p o i n t . 
Density measurements were made by two d i f f e r e n t techniques, a 
block method and the standard 0.5 l i t e r density-tube method. In the 
fa 
f i r s t method, a block of f i r n approximately 0.30 m on a side was 
excavated and subsequently cut down to obtain p a r a l l e l and orthogonal 
sides . The f i n a l block was u s u a l l y 0.15 to 0.20 m on a side. A l l 
12 edges were measured (to 1 mm) and the four edges i n each o r i e n t a t i o n 
were averaged. From these measurements volume was c a l c u l a t e d . The 
block was weighed on a t r i p l e beam balance to 10"^ kg and the density 
was then c a l c u l a t e d . D e n s i t i e s so obtained are accurate to about 2 
percent. 
The second method of den s i t y measurement was by using 0.5 l i t e r 
d e n sity tubes. V e r t i c a l and h o r i z o n t a l samples were taken. The 
sample tube ( a f t e r being weighed) was hammered i n t o the w a l l w i t h a 
rubber m a l l e t and then sawed out of the w a l l . A p l a c t i c cap of 
known mass was added on the bottom of the tube. The sample and tube 
was weighed and the density c a l c u l a t e d . This method was accurate to 
about 7 percent. 
A f t e r these measurements had been completed, samples were c o l l e c t -
ed f o r subsequent laboratory a n a l y s i s of m i c r o p a r t i c l e concentration, 
stab l e oxygen isotope r a t i o s , and gross B r a d i o a c t i v i t y . The micro-
p a r t i c l e samples were u s u a l l y taken f i r s t as these were the most 
sus c e p t i b l e to contamination. A p l a s t i c syringe about 40 mm i n 
diameter was used to obt a i n samples from the p i t w a l l . As i n a l l the 
sampling, a s e c t i o n of the w a l l was cut out to expose a fre s h surface. 
The sample was t r a n s f e r r e d d i r e c t l y i n t o p l a s t i c b o t t l e s and sealed. 
Adjacent samples were obtained f o r analyses of oxygen isotopes 
and gross B r a d i o a c t i v i t y . A small s t e e l spatula was used to remove 
20 mm ( v e r t i c a l l y ) by approximately 50 mm ( h o r i z o n t a l l y ) samples 
(0.03-0.10 kg). These samples were placed d i r e c t l y i n p r e - l a b e l l e d 
p l a s t i c bags and sealed. 
The m i c r o p a r t i c l e and oxygen isotope samples were shipped to the 
United States f o r a n a l y s i s at The I n s t i t u t e of Polar Studies, The 
Ohio State U n i v e r s i t y , and at the Department of Geological Sciences, 
U n i v e r s i t y of Washington, r e s p e c t i v e l y . The gross B samples were 
f i l t e r e d at the Dome C camp and sent to the C.N.R.S. Laboratoire de 
G l a c i o l o g i e i n Grenoble, France, on ion exchange f i l t e r papers. 
ANALYTICAL METHODS 
V i s i b l e S t r a t i g r a p h y . V i s i b l e s t r a t i g r a p h y was i n v e s t i g a t e d i n order 
to study the processes of layer formation and pre s e r v a t i o n . The 
c r i t e r i a used to recognize annual u n i t s are based on previous work 
i n areas of low annual accumulation (Gow, 1965; Koerner, 1971), snow 
stake measurements, and p i t studies at Dome C- These c r i t e r i a are 
described at page 17• 
Work on snow s t r a t i g r a p h y i n the dry f a c i e s of Greenland and 
A n t a r c t i c a provided a b a s i s f o r the i n t e r p r e t a t i o n of annual u n i t s 
of accumulation i n snow p i t s ( L i l j e q u i s t , 1956; Schytt, 1958; 
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G i o v i n e t t o , I960; Benson, 1962). The c r i t e r i a e s t a b l i s h e d by these 
researchers involved p r i m a r i l y v i s u a l and other p h y s i c a l parameters 
such as d e n s i t y , hardness, c r y s t a l morphology, s i z e , o r i e n t a t i o n , 
and thickness of various layers exposed i n a p i t w a l l . These 
c h a r a c t e r i s t i c s are functions of o r i g i n a l c r y s t a l s i z e during pre-
c i p i t a t i o n , annual p r e c i p i t a t i o n , temperature, and temperature 
gradients across the air-snow i n t e r f a c e , and s o l a r r a d i a t i o n , age, 
and e f f e c t s of wind w i t h i n the snow cover. 
I t has g e n e r a l l y been agreed that snow deposited during the 
winter produces a hard compact layer of f i n e - g r a i n e d dense f i r n . In 
co n t r a s t , summer deposited accumulation i s g e n e r a l l y coarser grained, 
s o f t e r , and lower i n d e n s i t y (Benson, 1962; B u l l , 1971). Annual 
accumulation u n i t s have been i d e n t i f i e d i n various ways by d i f f e r e n t 
workers. Some have used g r a i n s i z e and hardness changes (Cameron, 
1964) while others have used v a r i a t i o n s i n d e n s i t y (Taylor, 1965; 
Benson, 1970) or a combination of a l l three ( G i o v i n e t t o , 1960). Areas 
of f a i r l y high annual accumulation and moderate a i r temperature w i t h 
noticeable seasonal contrasts i n these parameters, seem to provide the 
best conditions f o r such s t r a t i g r a p h i c i n t e r p r e t a t i o n s ( B u l l , 1971). 
The mechanisms of p o s t - d e p o s i t i o n a l a l t e r a t i o n of these properties 
(grain s i z e , d e n s i t y , hardness) have been discussed by Seligman (1936), 
de Quervain (1963), Gow (1965), Benson (1970) and Taylor (1971). 
These authors a t t r i b u t e c e r t a i n aspects of the v i s i b l e s t r a t i g r a p h y to 
changes which take place a f t e r d e p o s i t i o n . The theory behind these 
diagenetic processes and the mechanisms which produce these changes i s 
discussed at page 49 • 
Gow (1965) used the annual formation of depth hoar (a diagenetic 
phenomenon) to determine the y e a r l y accumulation i n snow p i t s at the 
South Pole. Comparison with stake measurements led to the develop-
ment of c r i t e r i a f o r the r e c o g n i t i o n of years w i t h l i t t l e or no 
accumulation. In years where accumulation was absent, unusually 
t h i c k depth hoar lay e r s (0.04 to 0.05 m) were found j u s t below the 
surface. In a d d i t i o n , t h i c k c r u s t s were of t e n associated w i t h and 
found j u s t above these " h i a t u s - t y p e " depth hoar layers (Gow, 1965). 
Unless y e a r l y stake measurements are a v a i l a b l e , the main problem with 
such a c r i t e r i a i s that one does not know the length of time involved 
i n the h i a t u s . The use of s e v e r a l s t r a t i g r a p h i c methods simultaneously, 
however, may resolve such problems. 
A d i f f e r e n t approach to the study of the e f f e c t s of diagenesis 
on a snow cover i n a region of low annual accumulation i s due to 
Koerner (1971). In h i s study, 64 shallow (0.50 m) p i t s were excavated 
i n e a r l y December at Plateau S t a t i o n (Figure 1- 79 15'S, 40 30'E) 
before the e f f e c t s of summer warmth and r a d i a t i o n could a l t e r the 
p h y s i c a l p r o p e r t i e s of the previous winter's accumulation. Measure-
ments of gr a i n s i z e , shape, density and hardness were made. The 
previous winter's accumulation was recognized by i t s f i n e (0.2mm), 
angular g r a i n s , i n contrast to the coarser (0.4mm) rounder grains 
of the preceeding year's accumulation. 
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In l a t e January, 50 more shallow p i t s were excavated i n the 
same l o c a t i o n to observe the e f f e c t s of the summer season on the 
v i s i b l e s t r a t i g r a p h y . During t h i s two month i n t e r v a l , a t h i n 
(3-40 ram) f i n e grained hard layer had developed near the surface, 
with associated hoar layers and bonded g r a i n c r u s t s both above and 
below. The preceeding winter's snow had become a homogenized coarse 
grained (0.4 mm) s o f t layer without c r u s t s or depth hoar l a y e r s . 
Annual u n i t s were recognized on the b a s i s of the c y c l i c a l r e p e t i t i o n 
of these hard, f i n e grained layers with associated depth hoar and 
the s o f t , coarse homogeneous l a y e r s . These s o f t layers contained 
the bulk of the annual accumulation and were deposited under varying 
co n d i t i o n s and subsequently homogenized during the summer. 
With t h i s background of the po s s i b l e ways to i n t e r p r e t v i s i b l e 
snow s t r a t i g r a p h y , an attempt was made to i n t e r p r e t the record pre-
served i n the snow p i t s at Dome C- This a n a l y s i s includes consider-
at i o n s of both d e p o s i t i o n a l and p o s t - d e p o s i t i o n a l processes and i s 
presented a t page 17 . 
Gross B_ R a d i o a c t i v i t y . The exploding of nuclear weapons high i n the 
troposphere i n the 1950's and 1960's produced a s t r a t o s p h e r i c burden 
of a r t i f i c i a l r a d i o n u c l i d e s ( f i s s i o n products). The f a l l o u t of t h i s 
m a t e r i a l throughout the earth has led to many i n v e s t i g a t i o n s of i t s 
tran s p o r t , d e p o s i t i o n and i n t e r a c t i o n w i t h the atmosphere, biosphere, 
hydrosphere, l i t h o s p h e r e , and cryosphere ( M a r t e l l , 1959; Junge, 1963; 
Wilgai n and others, 1965). 
The f i r s t measurements of atmospheric r a d i o a c t i v i t y i n A n t a r c t i c a 
were begun at L i t t l e America s t a t i o n i n 1956. Two years l a t e r s i m i l a r 
measurements were i n i t i a t e d a t the South Pole. The information gained 
i n these studies has allowed atmospheric s c i e n t i s t s to trace the c i r -
c u l a t i o n patterns i n the atmosphere over A n t a r c t i c a ( M a r t e l l , 1959; 
Junge, 1963; Lockhart and others, 1966). In a d d i t i o n , i t was 
recognized that measurements of the v a r i a t i o n w i t h depth of the con-
c e n t r a t i o n of r a d i o a c t i v i t y of these f i s s i o n products i n the snow of 
polar and temperate g l a c i e r s could be used as a dating method 
( P i c c i o t t o and W i l g a i n , 1963; P i c c i o t t o and others, 1971). 
The f i r s t measurements of r a d i o a c t i v i t y of snow i n A n t a r c t i c a 
( P i c c i o t t o and W i l g a i n , 1963; W i l g a i n and others, 1965; Lambert and 
others, 1967; Crozaz, 1969), used chemical c o p r e c i p i t a t i o n techniques 
to measure the r a d i o a c t i v i t y of i n d i v i d u a l r a d i o n u c l i d e s . A new 
method has been developed (Delmas and Pourchet, 1977) i n which ion 
exchange r e s i n f i l t e r s are used to c o l l e c t p a r t i c l e s and s a l t s of 
a r t i f i c i a l radioelements from f i r n samples. The samples which were 
c o l l e c t e d a t Dome C were prepared using t h i s technique. Counting of 
the samples was made at the C.N.R.S. Laboratoire de G l a c i o l o g i e i n 
Grenoble, France on a l o w - l e v e l 0 counter designed and b u i l t 
s p e c i f i c a l l y f o r t h i s purpose ( P i n g l o t , 1978; P i n g l o t and Pourchet, 
1979). 
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The primary o b j e c t i v e of these analyses was to locate the depths 
i n each p i t which correspond to the 1955 and 1965 peaks of gross B 
r a d i o a c t i v i t y . These peaks have been noted throughout A n t a r c t i c a and 
correspond to the Ivy-Castle s e r i e s of nuclear t e s t s i n the e a r l y 
1950's and to the h i g h - y i e l d Soviet t e s t s i n the A r c t i c i n the e a r l y 
1960's, r e s p e c t i v e l y . I t was hoped that seasonal v a r i a t i o n s of r a d i o -
a c t i v i t y , which have been measured i n the A n t a r c t i c atmosphere 
(Lockhart and others, 1966) and i n southern hemisphere p r e c i p i t a t i o n 
(Taylor, 1968) (summer maximum, winter minimum), could be detected i n 
the Dome C p i t s . Snow s t r a t i g r a p h i c d a t i n g , using B r a d i o a c t i v i t y 
peaks to determine annual l a y e r s , has already been used by Jouzel ^ 
and others, (1979) at the South Pole where accumulation i s 80 kg/m /a, 
twice as high as Dome C-
In a recent study, Pourchet and P i n g l o t , 1979, have used gross 
B r a d i o a c t i v i t y measurements to determine a v a r i e t y of parameters 
r e l a t e d to the residence time, t r a n s p o r t , and deposition of a r t i f i c i a l 
r a d i o n u c l i d e s . A mean s t r a t o s p h e r i c residence time of 1.5±0.2 years 
was determined f o r the r a d i o i s o t o p e s , based on the observed decrease 
i n a c t i v i t y between 1965-69, at which time the s t r a t o s p h e r i c r e s e r v o i r 
was homogeneous. Comparative measurements of the concentration of 
r a d i o a c t i v i t y i n the a i r (g/S.C.M.) and the concentration i n the 
snow (g/g) have allowed these authors to determine a value of one f o r 
the r a t i o between these two q u a n t i t i e s (concentration i n air/concen¬
t r a t i o n i n snow). F i n a l l y , the c o n t r i b u t i o n of "dry f a l l o u t " to the 
t o t a l concentration of 8 a c t i v i t y i n the snow was estimated as being 
from 10-15% i n c o a s t a l s i t e s , and as much as 20-30% i n c e n t r a l regions 
of A n t a r c t i c a (Pourchet and others, 1983). 
The c r i t e r i a which have been e s t a b l i s h e d to i n t e r p r e t the B pro-
f i l e s i n t h i s work are based on many analyses from p i t s i n the Dome C 
area. These c r i t e r i a , which are discussed below, were f i r s t estab-
l i s h e d by Pourchet (1979). Because the B p r o f i l e s presented i n t h i s 
work are very s i m i l a r to those of Pourchet can be i n t e r p r e t e d quite 
w e l l using h i s c r i t e r i a , i t was decided that s i m i l a r standards would 
be used. The January 1955 peak i n each p i t i s taken to be the deepest 
sample where the l e v e l of a c t i v i t y f i r s t exceeds 1000 dph/kg of snow. 
S i m i l a r l y , the January 1965 l e v e l i s taken to be the lowest sample 
where the a c t i v i t y exceeds 2000 dph/kg of snow. I t must be noted 
that these l e v e l s of a c t i v i t y apply only to samples taken at Dome C 
(or other A n t a r c t i c s i t e s with a s i m i l a r annual accumulation) and 
measured i n January 1979, as the a c t i v i t y of the a r t i f i c i a l n u clides 
i s continuously decreasing according to the law of r a d i o a c t i v i t y . 
The u n c e r t a i n t i e s i n these measurements and the determination 
of mean annual accumulation from t h i s information are r e l a t e d to 
several f a c t o r s . These in c l u d e : 
(1) Sampling e r r o r i n the absolute depth of each sample from the 
reference horizon (= 1 sample or 0.02 m). 
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(2) Uncertainty i n the exact date of the f i r s t a r r i v a l of ra d i o -
a c t i v i t y i n A n t a r c t i c snows and e r r o r s i n the precise placement 
of these f a l l o u t levels(1955 or 1965), according to the c r i t e r i a 
described above ( = 1 sample or 0.02 ra) . 
(3) Uncertainty i n the exact age (depth) of a sample from the mean 
surface l e v e l due to buried surface m i c r o r e l i e f . 
These f a c t o r s are be l i e v e d to cont r i b u t e only small e r r o r s to 
the exact determination of the depth to a p a r t i c u l a r r a d i o a c t i v e l e v e l 
and thus to the mean accumulation rate c a l c u l a t e d from such information. 
M i c r o p a r t i c l e s . The underlying assumptions i n the i n t e r p r e t a t i o n of 
m i c r o p a r t i c l e data are that concentration i n the atmosphere v a r i e s 
c y c l i c a l l y with a period of one year and that t h i s c y c l i c i t y i s pre-
served w i t h i n the snow s t r a t i g r a p h y . This assumption i s supported by 
studies of m i c r o p a r t i c l e s from i c e cores (Hamilton and Langway, 1967; 
Thompson, 1977; Mosley-Thompson, 1980) and from recent surface work at 
Dome C by J.R. P e t i t (Thompson and others, 1981). Further evidence 
f o r a seasonal v a r i a t i o n i n m i c r o p a r t i c l e concentration comes from 
the one year of aerosol measurements at the South Pole (Hogan and 
Barnard, 1978) (Figure 3). 
Figure 3. Surface observations of a i t k e n n u c l e i concentration at the 
South Pole, 1975 (from Hogan and Barnard, 1978) 
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The information from these aerosol measurements has been used to 
define a set of c r i t e r i a f o r the i n t e r p r e t a t i o n of the m i c r o p a r t i c l e 
p r o f i l e s . 
I t i s assumed here and elsewhere (e.g. Mosley-Thompson, 1980), 
that a d i r e c t c o r r e l a t i o n e x i s t s between the atmospheric concentration 
of t o t a l aerosols and t h a t of i n s o l u b l e m i c r o p a r t i c l e s . I t must a l s o 
be assumed that there i s a l i n e a r r e l a t i o n s h i p between the atmospheric 
concentration of these p a r t i c l e s and the concentration as measured i n 
the snow. Furthermore, the e f f e c t s of vapor t r a n s f e r and mass loss 
during and a f t e r b u r i a l on the concentration of m i c r o p a r t i c l e s i n the 
snow must a l s o be considered. These assumptions and considerations 
have yet to be documented f u l l y , r e q u i r i n g the d i r e c t measurement of 
atmospheric n u c l e i i n the same s i z e range as those measured by the 
m i c r o p a r t i c l e a n a l y s i s . 
The a e r o s o l measurements of Hogan and Barnard (1978) re v e a l "very 
low" l e v e l s i n the winter (mean values of 15±5 n u c l e i / n r ) and "much 
higher" l e v e l s during the summer (100-200 nuclei/m^) (Figure 3). In 
order to make a d i r e c t comparison with Hogan and Barnard's work, the 
concentration of m i c r o p a r t i c l e s i n the cleanest 30 percent of the 
samples i n each snow p i t was computed. By t a k i n g the cleanest 30 
percent as the winter l e v e l of p a r t i c l e s , minor e r r o r s induced i n the 
sampling and l a b o r a t o r y preparations are e l i m i n a t e d . In a d d i t i o n , the 
number of p a r t i c l e s represented by the cleanest 30 percent appears to 
compare w e l l w i t h the concentration of p a r t i c l e s found i n winter snow 
layers as i n t e r p r e t e d from the v i s i b l e s t r a t i g r a p h y . The range of the 
background was defined as ±30 percent of the winter l e v e l of p a r t i c l e s , 
i n keeping with the winter aerosol range of Hogan and Barnard. With 
the range of background e s t a b l i s h e d , peaks i n p a r t i c l e concentration 
were defined as those values which exceeded the background and were 
accompanied by concentrations i n at l e a s t one sample on e i t h e r side 
f a l l i n g below or w i t h i n t h i s range. Figure 4 shows a s e c t i o n of a 
m i c r o p a r t i c l e p r o f i l e w i t h the threshhold l e v e l (+ 30 percent of 
cleanest 30 percent) d e f i n i n g the upper l i m i t of the background range 
and the lower l i m i t of background (- 30 percent of the cleanest 30 
percent) drawn i n as s o l i d l i n e s . Samples with hatchure marks are 
i n d i c a t i v e of samples below or w i t h i n the range of background. 
With the low annual accumulation at Dome C the p o s s i b i l i t y e x i s t s 
of having one year's p a r t i c l e accumulation confined to a few c e n t i -
meters of snow. Once the p a r t i c l e peaks are i d e n t i f i e d , annual layer 
thickness can be c a l c u l a t e d by t a k i n g the i n t e r v a l between two succes-
sive lows (samples below or w i t h i n the winter c o n c e n t r a t i o n ) . Be-
cause the low concentration regions of the m i c r o p a r t i c l e p r o f i l e s are 
b e t t e r defined (encompassing no more than three samples) than the 
regions defined as peaks (encompassing as many as 10 samples) annual 
layers are therefore counted between successive lows of p a r t i c l e con-
c e n t r a t i o n r a t h e r than between successive peaks. This gives more 
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Figure 4. M i c r o p a r t i c l e p r o f i l e showing c r i t e r i a f o r annual peak 
i n t e r p r e t a t i o n . 
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p r e c i s e temporal r e s o l u t i o n than i f one were to count between the more 
d i f f u s e peak areas. As a low may extend f o r more than one sample, the 
low i n t e r v a l i s d i v i d e d i n h a l f and s p l i t between one year and the 
next. The exact p a r t i t i o n i n g of accumulation cannot be p r e c i s e l y 
determined but t h i s appears to be the best approach without f u r t h e r 
information. 
The r e s u l t s of the m i c r o p a r t i c l e i n t e r p r e t a t i o n using the estab-
l i s h e d c r i t e r i a are presented i n the f o l l o w i n g chapter. Some of the 
problems i n t h i s i n t e r p r e t a t i o n are: 
(1) The e f f e c t of d i l u t i o n of p a r t i c l e concentration by an 
increase i n p r e c i p i t a t i o n i s not w e l l documented. This i s 
r e l a t e d to the processes c o n t r o l l i n g the t r a n s f e r of 
p a r t i c l e s from the atmosphere to the snow. 
(2) The c o n t r i b u t i o n of dry f a l l o u t of p a r t i c l e s i s not w e l l 
understood. P a r t i c l e d e p o s i t i o n may occur without asso-
c i a t e d snow accumulation, r e s u l t i n g i n a concentration of 
p a r t i c l e s which can be much higher than where p r e c i p i t a t i o n 
i s continuous. 
(3) P o s t - d e p o s i t i o n a l vapor l o s s , e i t h e r on the surface or at 
depth can change the concentration of p a r t i c l e s , thus pro-
ducing a concentration considerably d i f f e r e n t than at the 
time of d e p o s i t i o n . 
(4) R e d i s t r i b u t i o n by wind at the surface can a f f e c t p a r t i c l e 
concentrations, leading to e i t h e r higher or lower concen-
t r a t i o n s of p a r t i c l e s a t a p a r t i c u l a r s i t e . 
(5) Sampling procedures can a f f e c t the p a r t i c l e p r o f i l e s 
s l i g h t l y , according to whether a p a r t i c u l a r concentration 
of p a r t i c l e s was completely or p a r t i a l l y sampled. Since 
the samples taken i n t h i s study were taken with a 40 mm 
diameter sampler, the concentration i n t h i n m i c r o p a r t i c l e 
l a y e r s may be underestimated. 
(6) F i n a l l y , sample contamination must be considered as a 
p o s s i b l e cause of high p a r t i c l e concentrations. 
L i t t l e information i s a v a i l a b l e concerning the r e l a t i v e impor-
tance of these e f f e c t s ; however s e v e r a l general comments can be made. 
D i f f i c u l t i e s i n the sampling and a n a l y s i s of f i r n f o r m i c r o p a r t i c l e s 
make contamination p o t e n t i a l l y a greater problem than for s i m i l a r 
analyses of i c e . Sampling procedures (complete versus p a r t i a l samp-
l i n g of a p a r t i c l e layer) are important at s i t e s such as Dome C 
because p a r t i c l e s there are concentrated i n thinner lay e r s than at 
s i t e s w i t h a higher accumulation r a t e . Dry f a l l o u t was discussed i n 
the previous s e c t i o n i n r e l a t i o n to gross Beta r a d i o a c t i v i t y . Pourchet 
and others (1983) estimated that dry f a l l o u t may contribute as 
much as 20-30 percent of the t o t a l S a c t i v i t y at a s i t e l i k e Dome C. 
A d i r e c t comparison between r a d i o a c t i v i t y m i c r o p a r t i c l e s , however, 
cannot be made at t h i s time since the processes c o n t r o l l i n g the 
deposition of these i m p u r i t i e s are not completely understood. 
F i n a l l y , changes i n p a r t i c l e concentration o c c u r r i n g a f t e r b u r i a l are 
d i f f i c u l t to estimate. D e t a i l e d surface sampling f o r m i c r o p a r t i c l e 
a n a l y s i s , i n conjunction with atmospheric aerosol measurements and 
vapor t r a n s f e r s t u d i e s , are necessary to understand the c o n t r i b u t i o n s 
from these e f f e c t s . 
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DATA ANALYSIS AND RESULTS 
Accumulation Stakes. The mean accumulation for 1979, computed f o r 
the 100 stakes i n the bamboo f o r e s t and the 95 stakes i n the accumu-
l a t i o n cross, i s presented i n Table 1, w i t h other comparable values 
from P e t i t and others ( i n p r e s s ) . Appendix I l i s t s the complete 
data. A thorough d i s c u s s i o n of the problems of f i r n s e t t l i n g and 
pole migration i n the pre c i s e determination of annual accumulation 
from bamboo pole measurements has been presented by Whillans (1975). 
E r r o r s i n the balance c a l c u l a t e d f o r the f i r s t time i n t e r v a l a f t e r 
a pole has been emplaced are estimated to be only 1 percent or about 
0.001 m of snow at Dome C, and thus have been neglected. 
The frequency d i s t r i b u t i o n of the accumulation from these measure-
ments i s shown i n Figures 5 a-e. These histograms i n d i c a t e the s p a t i a l 
v a r i a b i l i t y of accumulation i n the Dome C area both on a small scale 
(900 m -bamboo f o r e s t ) and on a la r g e r scale (3600 km -accumulation 
c r o s s ) . The time i n t e r v a l over which the measurements were made i s 
in d i c a t e d i n the upper l e f t hand corner of each histogram. A l l of the 
fi g u r e s show a more or le s s normal d i s t r i b u t i o n about the mean value. 
However, f o r the summer accumulation, there appears to be l e s s s p a t i a l 
v a r i a b i l i t y than f o r the annual accumulation. Based on these data f o r 
two years of measurements, summer snow appears to have been deposited 
and r e d i s t r i b u t e d as a more uniform blanket than snow of other seasons. 
Perhaps summers are l e s s stormy than other seasons or perhaps the 
measurement i n t e r v a l s were too short f o r the f u l l roughness to develop. 
An estimate of the surface roughness at Dome C can be obtained by 
c a l c u l a t i n g the standard d e v i a t i o n of the r e l a t i v e surface e l e v ations 
( a s ) i n the bamboo f o r e s t . These data are presented i n Table 2, 
Table 2. Mean Surfaces E l e v a t i o n s and Standard Deviations of Single 
Measurements of Stakes i n the Bamboo Forest, made during 
the 1978-79 and 1979-80 Seasons. 
DATE MEAN RELATIVE ELEVATION (m) ° 
December 5, 1978 8.84 0.05 
December 23, 1978 8.83 0.06 
December 29, 1978 8.84 0.06 
January 16, 1979 8.84 0.08 
November 30, 1979 9.01 0.07 
January 1, 1980 9.02 0.06 
The r e l a t i o n between the standard d e v i a t i o n of surface e l e v a t i o n 
( a s ) and the standard d e v i a t i o n of layer thickness (ax ) i s given i n 
equation l c on page21, Taking the minimum value of o"s *-n t n e bamboo 
f o r e s t (0.05 m), the corresponding a*, ( i f one assumes that the sur-
face roughness i s preserved w i t h depth) would be 0.07 m. This 
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Table 1. Accumulation rate data. 
ACCUMULATION INTERVAL 
Dec. 5, 1978-Nov. 30, 1979 
(annual) 
Jan. 16, 1979-Jan. I, 1980 
(annual) 
Dec. 5, 1978-Jan. 16, 1979 
(summer) 
Nov. 30, 1979-Jan. i , 1980 
(summer) 
Dec. 30, 1978-Dec. 30, 1979 
1 year i n t e r v a l 
4 year i n t e r v a l 
LAYER THICKNESS 
(meters of snow) 
Bamboo Forest 
0.180 (0.076)** 
0.170 (0.087)** 
-0.005 (0.063)** 
ACCUMULATION* 
(kg/ 
A l l 5f 
62 
59 
-1.7 
(28)** 
(31)** 
(21)** 
+0.35 (24)** +0.001 (0.035)** 
Accumulation Cross 
0.098 (0.065)** 35 (24)** 
French Stake Measurements ( a f t e r P e t i t and o t h e r s , 1982) 
0.104 (0.075)** 36 (26)** 
0.440 (0.096)** 152 (32)** 
•Conversion from snow layer thickness using mean surface d e n s i t y of 345 kg/t 
**Standard d e v i a t i o n f o r s i n g l e measurement 
^Standard d e v i a t i o n of the mean 
ACCUMULATION RATE 
(kg/m^/a 
62 ( 2 . 8 ) + 
59 ( 3 . 1 ) + 
-11.9 ( 1 4 . 7 ) + 
+4.2 ( 5 . 0 ) + 
35 ( 2.5)+ 
36 ( 4 ) + 
38 ( 1.5) + 
tfl 
CO 
4 0 - , 
Bamboo Forest 
Dec.5 t 1978-Nov. 30 ,1979 
4 0 - , 
0 0.1 0.2 0.3 
Accumulation (m snow) 
Jan. 16, 1979-Jan. 1,1979 
0 0.1 0.2 0.3 
Accumulation (m snow) 
0.4 
0.4 
Accumulation Cross 
Accumulation (m snow) 
Figure 5. Frequency d i s t r i b u t i o n of accumulation i n the bamboo 
for e s t (a, b, d, e) and accumulation cross (c) i n m of 
snow vs. number of s i t e s . 
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Bamboo Forest 
Accumulation (m snow) 
Figure 5. (cont'd) 
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number i s s i m i l a r to the standard d e v i a t i o n of annual accumulation 
found i n the accumulation cross (0.065 m) and supports the assumption 
that surface features are preserved during b u r i a l . The high value of 
as (0.08 m) which was measured at the end of the 1978-79 season (see 
Table 2) i s b e l i e v e d to be anomalous due to the surface roughness 
which was developed at the end of that season (see d i s c u s s i o n f o l l o w i n g 
and Figures 6 and 8) . 
A measure of t h i s roughness can a l s o be obtained by considering 
the variance of l a y e r thickness from gross B r a d i o a c t i v i t y measure-
ments. A value of a/. (20 measurements) of 0.095 m was determined f o r 
the layer between 1955 and 1965 using data from P e t i t and others 
1982). I f one assumes, as a f i r s t approximation, that a = a 65 
and that p o s t - d e p o s i t i o n a l e f f e c t s d i d not a l t e r these surfaces, then 
one can compute o s f o r the 1955 and 1965 surfaces. This c a l c u l a t i o n 
i s shown below: 
2 2 2 
( l a ) 9e 55-65 = a s 5 5 + ° s 6 5 
( l b ) i f a = a ; then a, 5 5 _ 6 5 = 2 ffsJ 
DO CO 
( l c ) <V 55-65 - / 2< 
• c n /me 0.095m 
<ld) l f H 55-65 = 0 , 0 9 5 m 5 = o S 5 5 
(le) 0.067m = a 
S55 
This number compares w e l l w i t h current estimates of surface 
roughness from the accumulation cross (see Table 1) and suggests that 
surface features are preserved upon b u r i a l and subsequently with depth. 
The mean annual accumulation estimated from the bamboo f o r e s t i s 
high compared with the accumulation cross (62 versus 35 kg/m /a) and 
measurements of other workers ( P e t i t and o t h e r s , i n press). The 
apparently higher than average accumulation has a number of p o s s i b l e 
explanations• 
(1) The high accumulation may not be s i g n i f i c a n t at a l l i f one consid-
ers the standard d e v i a t i o n on the measurement (28 kg/m2/a). 
(2) The bamboo f o r e s t may have been e s t a b l i s h e d on a s i t e where the 
topography favored increased accumulation. No major surface 
21 
topography was observed at Dome C while i n the f i e l d ; however, 
very broad, low amplitude undulations i f they e x i s t , might not 
be detected v i s u a l l y . A d e t a i l e d survey of surface e l e v a t i o n s 
near the Dome C camp should solve t h i s question. 
(3) Figure 6 (see e s p e c i a l l y p r o f i l e s from December 29, 1978 and 
January 16, 1979) shows p r o f i l e s of the surface along row A i n 
the bamboo f o r e s t . A large change occurred between December 23 
and December 29, 1978. Small (scale of a few meters) depressions 
which were developed i n t h i s period of stronger-than-average wind 
(> 6 m/s) may have caused the higher-than-average accumulation, 
the low areas being p r e f e r e n t i a l l y f i l l e d i n during the f o l l o w i n g 
winter. 
(4) The poles, being so c l o s e l y spaced, may have acted as a b a r r i e r 
to d r i f t i n g snow, causing enhanced d e p o s i t i o n . The importance of 
t h i s e f f e c t i s d i f f i c u l t to assess since few stake networks with 
such c l o s e l y spaced poles have ever been studied. U n t i l f u r t h e r 
comparative work i s made, t h i s problem remains unsolved. 
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(5) There may be r e g i o n a l (scale l a r g e r than 900 m ) patterns i n 
accumulation unrelated to topography. This suggestion may be 
supported by observations made from the a i r of large l i n e a r fea-
tures (with a spacing of about 1 km.) on the polar plateau near 
Dome C and observations made on the ground of greater surface 
roughness i n the g r i d South and West d i r e c t i o n s (see Table 3 ) . 
In the bamboo f o r e s t , no stakes were found to have a zero or 
negative balance. With t h i s information alone one could conclude 
that there i s no chance of l o s i n g a year's accumulation a t Dome C. 
Measurements of the 95 stakes i n the accumulation cross provide a 
lower estimate of annual accumulation (35 kg/m /a) which may be more 
representative of the true annual accumulation at Dome C and which 
shows good agreement with the r e s u l t s of P e t i t and others,(1982). 
In the accumulation c r o s s , 6 percent of the bamboo poles show a zero 
or negative net balance f o r the year 1978-79. Based on the i n t e r p r e t a -
t i o n of v i s i b l e s t r a t i g r a p h y (see page 7 and Appendix V), i t i s e s t i -
mated that about 6 percent of the annual l a y e r s between 1949 and 1979 
are missing and according to the m i c r o p a r t i c l e i n t e r p r e t a t i o n (see 
page 11) fo r a s i m i l a r i n t e r v a l of time, 5 percent of the annual 
cycles appear to be missing. These values agree reasonably w i t h 
estimates by P e t i t and others, (1982). who suggest that an annual 
layer i s l o s t 10 percent of the time. 
The p r o b a b i l i t y of l o s i n g annual l a y e r s at Dome C due to erosion 
of non-deposition i s estimated from the proportion of stakes showing 
e i t h e r no accumulation or net a b l a t i o n . This estimate of the proba-
b i l i t y of l o s i n g a year's accumulation was suggested was suggested by 
Koerner (1971) to be equal to the corresponding p r o b a b i l i t y of a 
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Figure 6. Changes i n surface topography i n row A n_ p of the bamboo f o r e s t from Dec. 5, 1978 
(781205) to Jan. 1, 1980 (800101). 
missing year i n p i t s t r a t i g r a p h y at one s i t e . Thus he found that a l l 
of the s t r a t i g r a p h i c v a r i a b i l i t y i n a 10 m p i t w a l l (covering the 
years A.D. 1830-1966) could be explained by preservation of surface 
v a r i a b i l i t y . From studies of surface mass balance v a r i a b i l i t y near 
Byrd S t a t i o n , A n t a r c t i c a , Whillans (1978) concluded that d r i f t and 
s a s t r u g i c ontribute s i g n i f i c a n t l y to the i n t e r p r e t a t i o n of s t r a t i -
graphic accumulation ra t e v a r i a b i l i t y . However, he found that only 
two-thirds of t h i s v a r i a b i l i t y could be a t t r i b u t e d to the e f f e c t s of 
d r i f t and s a s t r u g i . C l i m a t i c v a r i a b i l i t y , although apparently 
n e g l i g i b l e at Plateau S t a t i o n (Koerner, 1971) was found to contribute 
to o n e-third of the accumulation ra t e v a r i a b i l i t y at Byrd S t a t i o n 
(Whillans, 1978). This f i n d i n g suggests that i n t e r i o r s t a t i o n s on the 
East A n t a r c t i c plateau may be t r u e l y i s o l a t e d from temporal c l i m a t i c 
v a r i a t i o n s and that s t a t i o n s a t lower e l e v a t i o n s (such as Byrd 
Station) may be more a f f e c t e d by these c l i m a t i c v a r i a t i o n s . A s i m i l a r 
conclusion was reached by Thompson and others (1981) from m i c r o p a r t i c l e 
a n a l y s i s and i n t e r p r e t a t i o n of accumulation rate from the 905 m Dome C 
core. They conclude that the mean annual accumulation has been constant 
at Dome C for the l a s t approximately 30,000 years. 
The absolute values of the t o t a l v a r i a b i l i t y of annual surface 
mass balance a t s i t e s l i k e Plateau S t a t i o n (14-20 kg/m2) (Koerner, 
1971) and Dome C (20-30 kg/m^) ( t h i s work) are le s s than at Byrd 
S t a t i o n (about 35 kg/m^) ( w h i l l a n s , 1978). This may be a t t r i b u t e d to 
di f f e r e n c e s i n the importance of wind on the formation of d r i f t and 
s a s t r u g i (Whillans, 1978) or the p o s s i b i l i t y that accumulation i s more 
uniform over the A n t a r c t i c plateau than i n other l o c a t i o n s . 
In the f i e l d i t was noted that the g r i d West and South branches 
of the accumulation cross at Dome C are rougher than those i n the 
other branches (see Table 3). The standard d e v i a t i o n s of the annual 
accumulations measured on poles i n these two branches are about 1.5 
times greater, confirming t h i s observation. The trend of the s a s t r u g i 
suggests that the rough areas i n the West and South branches may be 
part of a continuous s a s t r u g i f i e l d (Figure 7) but f u r t h e r studies are 
needed to t e s t t h i s . 
Figure 8 summarizes p r o f i l e s of surface accumulation f o r several 
rows and diagonal sections through the bamboo f o r e s t , measured at the 
beginning (dashed l i n e s ) and at the end ( s o l i d l i n e s ) of each season. 
Thus the development of an annual accumulation layer i n one place can 
be studied. The hatchure marks i n each f i g u r e represent the amount 
of snow accumulated between the end of the 1978-79 season and the 
end of the 1979-80 season. The patterns of accumulation and a b l a t i o n 
f o r the summer i n t e r v a l s are suggestive i n part of the process of 
su b l i m a t i o n - d e f l a t i o n described by Gow (1965). This process involves 
the gradual disappearance of pronounced p o s i t i v e r e l i e f features such 
as dunes and s a s t r u g i , by a mechanism which involves both sublimation 
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Table 3. 
BRANCH NOTES ACCUMULATION RATE*^/.) 
(kg/m^) 
North Surface was r e l a t i v e l y 
smooth. S a s t r u g i not very 
w e l l developed. 
36 (18) 
South Sa s t r u g i poorly developed 
56 to pole S- 20. Becomes 
very rough t h e r e a f t e r , 
average s a s t r u g i height 
34 (29) 
0.15-0.18 m. 
East Surface i s very smooth and 
s o f t , very low r e l i e f . 29 (17) 
West S a s t r u g i small but become 
very rough at W-20 and 
continue rough to the end. 
32 (23) 
•Conversion from snow l a y e r thickness using mean surface density of 
345 kg/m3. 
and d e f l a t i o n . The high angle of incidence of the sun on these 
features causes intense radiational heating and subsequent removal of 
ma t e r i a l from w i t h i n these f e a t u r e s . The vapor which i s l o s t 
recondenses as " s c a l e - l i k e " c r y s t a l s on the s a s t r u g i f l a n k s and these 
c r y s t a l s are then removed during periods of moderate winds and re-
d i s t r i b u t e d over the surface. 
This e f f e c t although i n evidence at Dome C (lowering of high 
spots and f i l l i n g i n of lows) does not completely remove the large 
scale (10 m wavelength) surface roughness. This may be a r e s u l t of 
lower windspeed at Dome C. Since the minimum pole separation i s 3 m, 
the smallest wavelength feature which can be resolved i s about 10 m. 
On t h i s s c a l e , there are three types of annual accumulation patterns 
which have been recognized. These are: 
(1) P r e s e r v a t i o n - Surface r e l i e f i s preserved from one season to the 
next (Figure 8 a,d). 
(2) Inversion - Surface r e l i e f i s i n v e r t e d so that low areas i n one 
season become highs i n the next and vic e - v e r s a (Figure 8 e , f ) . 
(3) Undefined - In t h i s case there i s no c l e a r c o r r e l a t i o n between 
surface r e l i e f i n one season and the next (Figure 8 b,c). 
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Figure 7. Sketch map of the accumulation cross, showing l o c a t i o n of 
rough area and po s s i b l e s a s t r u g i f i e l d w i t h respect to the 
Dome C camp. 
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Figure 8. P r o f i l e s of the r e l a t i v e surface e l e v a t i o n i n the bamboo f o r e s t , showing changes i n 
surface topography from the beginning of the a u s t r a l summer 1978/79 to the end of 
the a u s t r a l summer 1979/80. 
Each of these accumulation patterns ( i f preserved with depth) 
has i m p l i c a t i o n s to the i n t e r p r e t a t i o n s of the s t r a t i g r a p h y i n a 
snow p i t . The a n a l y s i s and i n t e r p r e t a t i o n of the r e s u l t s of the 
snow p i t studies f o l l o w s . 
Snow P i t Studies. The snow s t r a t i g r a p h y at Dome C was i n t e r p r e t e d 
by the techniques discussed p r e v i o u s l y . The r e s u l t s are now presented 
with a d i s c u s s i o n of the c r i t e r i a used f o r the r e c o g n i t i o n of annual 
u n i t s of accumulation. V i s i b l e s t r a t i g r a p h y was studied i n great 
d e t a i l and both i t s r e g i o n a l and temporal v a r i a b i l i t y are presented. 
I n t e r p r e t a t i o n s of the gross B r a d i o a c t i v i t y and m i c r o p a r t i c l e pro-
f i l e s and the a b i l i t y to c o r r e l a t e them with regard to p r o f i l e s B 
and C are discussed. F i n a l l y , some problems with these i n t e r p r e t a -
t i o n s are considered and the p o s s i b l e mechanisms to e x p l a i n them are 
discussed. 
I n t h i s a n a l y s i s a number of questions were considered: 
(1) Are the values of the p r o p e r t i e s observed i n the snow s t r a t i -
graphy (both p h y s i c a l and chemical) s i m i l a r to those i n other 
p a r t s of A n t a r c t i c a ? 
(2) Is i t p o s s i b l e to c o r r e l a t e p i t p r o f i l e s on a scale of meters? 
kilometers? tens of kilometers? What are some explanations f o r 
good or poor c o r r e l a t i o n s ? 
(3) I s there an a r e a l v a r i a b i l i t y of the accumulation i n the v i c i n i t y 
of the Dome C camp? 
(4) How w e l l do the methods of v i s i b l e s t r a t i g r a p h y , gross 6 Radio-
a c t i v i t y and m i c r o p a r t i c l e a n a l y s i s work f o r determining mean 
annual accumulation? 
(5) What i s the e f f e c t of p o s t - d e p o s i t i o n a l m o d i f i c a t i o n (diagenesis) 
on the p h y s i c a l and chemical p r o p e r t i e s of the f i r n ? 
V i s i b l e S t r a t i g r a p h y . P r e l i m i n a r y f i e l d i n v e s t i g a t i o n s during the 
1978-79 season showed that the v i s i b l e s t r a t i g r a p h y at Dome C i s not 
as uniform or as simple as had been described by Gow (1965) for the 
South Pole. In the f i e l d , f i v e types of l a y e r s were recognized. 
These were designated as f o l l o w s : 
(a) t h i n soft, depth hoar-like 
(b) t h i n hard, fine 
(c) thick very soft, coarse 
(d) thick soft to medium hard, coarse 
Ce) thick hard, fine 
Although the non un i f o r m i t y and discontinuous nature of the snow 
s t r a t a i n the Dome C p i t s at f i r s t o f f e r e d l i t t l e chance of dating 
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the i n d i v i d u a l l a y e r s , i n general the s t r a t i g r a p h i c dating (as 
described below) appears to be f a i r l y accurate. The r e s u l t s of these 
studies and s p e c i f i c examples of these lay e r s are described below 
and are presented i n Figures 9-13 and i n Appendix 2. 
Thinning, t h i c k e n i n g , and o c c a s i o n a l l y the complete disappearance 
of some layers i s not uncommon i n the Dome C p i t s (see f o r example 
i n Figure 9 - P r o f i l e A at 2.10 and 2.30 m and Figure 1 3 - P r o f i l e E at 
0,90 m). These patterns probably mark the slo p i n g surfaces of buried 
d e p o s i t i o n a l features which have been truncated at the edge by new 
accumulation and appear as truncated l a y e r s due to the o r i e n t a t i o n of 
the p i t w a l l w i t h respect to the features. The layer s which mark 
these features are u s u a l l y the t h i n hard c r u s t s , which are probably 
late-summer surfaces. 
The layers which are designated as t h i c k , s o f t , to medium-hard 
coarse grained f i r n are due to snow de p o s i t i o n from autumn through 
s p r i n g and c o n s t i t u t e the bulk of the accumulation. These layers 
were recognized i n the f i e l d as being inhomogeneous, which may be 
because these layers were deposited and subsequently modified under 
a wide v a r i e t y of c o n d i t i o n s . 
Notable i n the v i s i b l e s t r a t i g r a p h y at Dome C are the low 
density depth-hoar-like l a y e r s . A po s s i b l e o r i g i n f o r these lay e r s 
i s described i n s e c t i o n 5, based on considerations of diagenetic 
processes. 
These low d e n s i t y l a y e r s were seen i n a l l the p i t s (Figures 9-13), 
u s u a l l y below the t h i n , hard c r u s t s , but als o along (see Figure 13-
P r o f i l e E at 0.50 m) or wi t h a cru s t below (see Figure 1 1 - P r o f i l e C 
at 0.60 m). Another point of i n t e r e s t i s that the low den s i t y layers 
were r a r e l y found above 0.30 m, and were a p e r s i s t e n t feature down to 
the bottom of the p i t s a t 3.00 m. They cannot be used however to 
define annual l a y e r s , as was done by Gow (1965) a t the South P o l e , 
since they do not appear to be annual features and even when they do 
occur, they are not always l a t e r a l l y continuous. 
In a few cases, e s p e c i a l l y t h i c k , hard l a y e r s are found a s s o c i -
ated w i t h p a r t i c u l a r l y w e l l developed low-density layers (see f o r 
example Figure 9 - P r o f i l e A at 0.20-0.50 m and 0.90-1.10 m and i n 
Figure 1 3 - P r o f i l e E at 1.10-1.25 m). These t h i c k , hard layers are 
s i m i l a r to the t h i n c r u s t s described above but are t h i c k e r and may 
be the product of long-term exposure to near-surface conditions (wind 
a c t i o n , r a d i a t i o n , temperature grad i e n t s , and associated vapor 
t r a n s f e r ) as a r e s u l t of a h i a t u s i n d e p o s i t i o n or erosion (Gow, 
1965). 
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Figures 9-13. Composite of 3-meter p i t studies showing v i s i b l e 
s t r a t i g r a p h y , gross 6- r a d i o a c t i v i t y and m i c r o p a r t i c l e 
p r o f i l e s . 
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Figure 9. P r o f i l e A, December 2-5, 1978. 
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Figure 11. P r o f i l e C, December 6-9, 1978. 
Figure 12. P r o f i l e D, December 18, 1978. 
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Another type of layer noted i n the Dome C p i t studies are the so-
c a l l e d "very s o f t l a y e r s " (see Figure 9 at 1.50-1.60 m and Figure 10 
at 2.50-2.60 m). These are f a i r l y t h i c k l a y e r s , described i n the 
f i e l d as being very s o f t with a f r i a b l e , sandy tex t u r e , which may be 
s i m i l a r to the "snow quicksand" layers described by Shumskii (1964, 
p. 259). These layers are p a r t i c u l a r l y common between 1.50-3.00 m and 
often made snow sampling i n t h i s i n t e r v a l d i f f i c u l t or impossible. 
Density p r o f i l e s were made i n each p i t . Because more than one 
type of layer was often contained i n each density sample i t has been 
d i f f i c u l t to make a pre c i s e c o r r e l a t i o n between d e n s i t y and s t r a t i -
graphic layer type with the density-measuring techniques a v a i l a b l e i n 
the f i e l d . In most cases, the regions of higher density have e i t h e r 
one t h i c k or several t h i n hard layers a s s ociated w i t h them. The s o f t , 
coarse-grained layers are low i n density. The complete d e n s i t y data 
are presented i n Appendix I I I . 
In the previous s e c t i o n , r e g i o n a l v a r i a t i o n s of surface roughness 
and the co n d i t i o n of the snow surface were noted on a scale of tens of 
kilometers away from the Dome C camp. A pr e l i m i n a r y study of whether 
s i m i l a r r e g i o n a l v a r i a t i o n s e x i s t i n the snow s t r a t i g r a p h y was made by 
comparing the p r o f i l e i n p i t D (98 km g r i d East) w i t h the other deep 
p i t p r o f i l e s . In general, the v i s i b l e s t r a t i g r a p h y i n p r o f i l e D 
co n s i s t s of f a i r l y t h i c k layers of medium-hard f i r n with very few depth-
hoar- l i k e l a y e r s . The only w e l l developed l a y e r of t h i s k ind occurs 
d i r e c t l y below a very t h i c k (hiatus-type) hard crust at 2.00 m. In 
the f i e l d , the layer s i n t h i s p i t were recognized as being p a r t i c u l a r l y 
t h i c k , compared with the v i s i b l e s t r a t i g r a p h y seen i n other p i t s c l o s e r 
to the Dome C camp. Estimates of mean annual accumulation (since 1965) 
from gross B r a d i o a c t i v i t y measurements i n d i c a t e a l a r g e r accumulation 
(52 kg/m^/a) than those from the other s i t e s i n the Dome C area (mean 
value of 37.5 kg/m^/a). Further sampling i s required to confirm the 
high accumulation at 98 km g r i d East which i s suggested by these 
measurements. 
The shallow p i t p r o f i l e s (see Appendix IV) made during the 1978¬
79 season show the temporal changes which occur i n the v i s i b l e s t r a t i g -
raphy over a summer season. This i s s i m i l a r to the shallow p i t study 
done by Koerner (1971). Shallow lay e r s (0.10-0.50 m) which were 
mapped e a r l y i n the season as being medium hard became s o f t e r as the 
summer progressed. However, the s o f t new snow which was present close 
to the surface (0.00-0.10 m) at the beginning of the season developed 
a t h i n hard c r u s t . More d e t a i l e d i n v e s t i g a t i o n s are required to con-
f i r m these observations. 
Further studies on the v i s i b l e s t r a t i g r a p h y at Dome C were made 
i n a s e r i e s of 2- and 3-meter p i t s i n 1979-80 by John Bolzan and Ron 
Coffman. Samples were again c o l l e c t e d f o r m i c r o p a r t i c l e , gross p 
r a d i o a c t i v i t y and 6^0 s t u d i e s . These laboratory r e s u l t s are not yet 
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a v a i l a b l e , but the f o l l o w i n g comments may be made on the v i s i b l e 
s t r a t i g r a p h y . 
S i m i l a r u n i t s of v i s i b l e s t r a t i g r a p h y are recognized as i n 1978¬
79 and a very good p o s i t i v e c o r r e l a t i o n between density and hardness 
was observed. A l s o , a r e l a t i o n was observed between surface conditions 
and the v i s i b l e l a y e r i n g i n the p i t s , In the g r i d East d i r e c t i o n , the 
surface was very s o f t and smooth and the p i t at 30 km g r i d East showed 
the most regular s t r a t i g r a p h y of any p i t examined, with the fewest 
layers of hard f i r n . In c o n t r a s t , w e l l developed s a s t r u g i and hard 
surface crusts were observed i n the g r i d West d i r e c t i o n and the p i t 
at 49 km g r i d West had many hard undulating surfaces, i n d i c a t i v e of 
buried s a s t r u g i . 
A p i t which was p r o f i l e d e a r l y i n the 1979-80 season (December 5, 
1979) near the Dome C camp was r e - p r o f i l e d at the end of the season 
(December 30, 1979), by excavating back i n t o the o r i g i n a l p i t w a l l to 
look at temporal changes d u r i n g the summer. Based on these observa-
t i o n s , there was an o v e r a l l hardening of the s o f t near surface (0.00¬
0.10 m) f i r n , w i t h a corresponding increase i n density. Some of the 
deeper layers which were medium hard e a r l y i n the season had softened 
by the end of the season. In some la y e r s (1.25 m, 1.50 m, 1.85 m), 
hoar l i k e c r y s t a l s which were recognized on December 5 were no longer 
present on December 30 and only t h i n c r u s t s were found i n t h e i r place. 
In other cases, new h o a r - l i k e c r y s t a l s were found where there had been 
none at the f i r s t observation (0.35-0.45 m, 1.80 m). These observa-
t i o n s are consistent w i t h temporal v a r i a t i o n s seen i n the 1978-79 
shallow p i t s . In f u r t h e r studies an attempt should be made to quantify 
these changes. 
D e f i n i t i o n of Annual U n i t s . The s i m i l a r i t i e s of the Dome C snow p i t 
observations w i t h those described by Koerner (1971) suggests that 
v i s i b l e s t r a t i g r a p h y might be used to i d e n t i f y annual u n i t s of accumu-
l a t i o n . U n c e r t a i n t i e s i n the accuracy of v a r i a t i o n s i n concentrations 
of m i c r o p a r t i c l e s or gross 6 a c t i v i t y to define annual laye r s led us 
to use those parameters p r i m a r i l y to i n v e s t i g a t e whether any c o r r e l a t i o n 
e x i s t s between high concentrations of m i c r o p a r t i c l e s (or B r a d i o a c t i v i t y ) 
and v i s i b l e layer type, and only s e c o n d a r i l y f o r dating. 
According to the c r i t e r i a described e a r l i e r (p. 12-15), the 
January 1955 and January 1965 l e v e l s i n each p i t were i d e n t i f i e d . 
Based on the v i s i b l e s t r a t i g r a p h y , s e v e r a l types of annual u n i t s were 
defined. Soft or medium-hard, t h i c k l a y e r s (believed to represent 
the accumulation during the i n t e r v a l from autumn to spring) w i t h a 
t h i n crust ( l a t e summer formed) above (with or without depth hoar 
[formed i n autumn] below the c r u s t ) i s found to be the most common 
annual u n i t . Thick hard lay e r s ( u s u a l l y w i t h depth hoar below) were 
used to define annual u n i t s . When the depth hoar was e s p e c i a l l y t h i c k , 
these lay e r s were defined as having formed during a two year i n t e r v a l . 
This i n t e r p r e t a t i o n was based on Gow's (1965) observations of h i a t u s -
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type depth hoar and associated t h i c k c r u s t s which formed at the 
surface during i n t e r v a l s of non-accumulation. A complete s t r a t i -
graphic i n t e r p r e t a t i o n f o r each p i t , using these c r i t e r i a , can be 
found i n Appendix V. 
Peaks i n the m i c r o p a r t i c l e p r o f i l e s were i d e n t i f i e d independently 
of the v i s i b l e s t r a t i g r a p h y , according to the c r i t e r i a o u t l i n e d e a r l i e r 
(p- 11-15). Dating of the peaks however, was made i n conjunction with 
the maps of v i s i b l e s t r a t i g r a p h y . Using the v i s i b l e s t r a t i g r a p h y as 
a guide, the number of missing peaks i n a given i n t e r v a l (January 1955-
January 1965, f o r example) can be estimated. Thus i n Figures 9-13, 
an i n d i c a t i o n such as 59/60 on a m i c r o p a r t i c l e peak means that e i t h e r 
the 1959 or 1960 peak i s missing or that they have been combined i n t o 
one peak. In t h i s way, the number of missing years and thus the pro-
b a b i l i t y (5 percent) of l o s i n g a layer of m i c r o p a r t i c l e s can be 
estimated. 
Using the v i s i b l e s t r a t i g r a p h y again as a framework, peaks i n the 
gross B r a d i o a c t i v i t y p r o f i l e s were dated. This i s done i n such a 
way that the peaks c o i n c i d e as c l o s e l y as po s s i b l e w i t h the age deter-
mination from the v i s i b l e s t r a t i g r a p h y . In most cases, one B-radio-
a c t i v i t y peak was found i n each v i s i b l e s t r a t i g r a p h y l a y e r . The non-
correspondence between 8 and m i c r o p a r t i c l e peaks i s b e l i e v e d to be a 
func t i o n of many t h i n g s , i n c l u d i n g the n o n - h o r i z o n t a l i t y of deposited 
l a y e r s , the na t u r a l v a r i a b i l i t y i n the a r r i v a l time of the i m p u r i t i e s 
and perhaps t h e i r m o b i l i t y during b u r i a l . The i n t e r p r e t a t i o n of the 
B - r a d i o a c t i v i t y and m i c r o p a r t i c l e p r o f i l e s and t h e i r c o r r e l a t i o n are 
discussed f u r t h e r i n the f o l l o w i n g s e c t i o n s . 
Gross B R a d i o a c t i v i t y . In t h i s s e c t i o n , the gross p r a d i o a c t i v i t y 
p r o f i l e s from the 3-m p i t s of the 1978-79 Dome C season are described. 
The usefulness of t h i s method f o r the determination of accumulation 
rate i s discussed and s p e c i f i c examples from the p i t p r o f i l e s are 
given. F i n a l l y , the p o s s i b i l i t y of using gross 6 r a d i o a c t i v i t y f o r 
detecting annual s t r a t i f i c a t i o n i s discussed. The gross B r a d i o a c t i v i t y 
p r o f i l e s are used to define two time horizons i n each snow p i t s e c t i o n 
(January 1955, January 1965) which are used i n the determination of 
mean annual accumulation f o r various time i n t e r v a l s (1955-79, 1965-79, 
1955-65). This information i s presented i n Table 4. 
Recent studies (Pourchet and others, 1983; P e t i t and others, 
1982) on accumulation r a t e at Dome C have i n d i c a t e d the p o s s i b i l i t y 
of a 30 percent increase i n accumulation i n the period since 1965 when 
compared with the i n t e r v a l 1955-65. Results presented here support 
the apparent increase observed by these authors; however the exact 
cause of t h i s increase i s not known. Some p o s s i b i l i t i e s are discussed 
below. 
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P i t 
Mean of a l l p e t i t et. a l . , 
C D E P i t s f t ) * * (1980) (°£.)** 
Depth true surface to 1955 2 . 21 2 46 2.20 2.26 2 .28 
(m snow) 
Depth from true surface to 0. 79 0 89 0.79 0.81 0 .82 
1955 (m H 20 ) 
Depth from true surface to 1. 43 1 56 1.44 2.04 1.52 1 .60 
1965 (m snow) 
Depth from true surface to 0. 50 0 55 0.51 0.73 0.54 0 57 
1965 (m H2O) 2 
Accumulation Rate (kg/m /a) 33. 0 37 0 33.0 34.0 34 3 (1- 89) 32. 0 (0.29) 
1955-1979 2 
Accumulation Rate (kg/m /a) 36. 0 39 0 36.0 52.0 39.0 40 4 (6. 63) 36. 0 (1-52) 
1965-1979 2 37 .5* (1. 73)* 
Accumulation Rate (kg/m /a) 29. 0 34 0 28.0 27.0 29 5 (3. 11) 27. 0 (1.36) 
1955-1965 
Percent increase from 
1955-65 i n t e r v a l to 24 15 29 44 28 (12) 34 (25) 
1965-79 i n t e r v a l 
* not i n c l u d i n g p r o f i l e D 
** standard d e v i a t i o n f o r s i n g l e measurement 
Table 4. Accumulation r a t e s obtained from gross g r a d i o a c t i v i t y a n a l y s i s of samples from 3-meter 
snow p i t s . 
I t i s p o s s i b l e that there was a true increase i n the amount of 
p r e c i p i t a t i o n during t h i s i n t e r v a l . Pourchet and others, (1983), 
based on s t a b l e isotope and d i r e c t temperature measurements, i n d i c a t e 
that i n the l a s t two decades there has been a s l i g h t increase (0.2 C 
per decade) i n the average temperature. C a l c u l a t i o n by these authors 
however, suggest that a temperature increase of 4°C would be required 
to increase the q u a n t i t y of water a v a i l a b l e f o r p r e c i p i t a t i o n by 30 
percent. Thus, t h i s alone i s not a v i a b l e explanation. 
Another suggestion discussed i n more d e t a i l i n the f o l l o w i n g 
chapter, i s that processes of metamorphism have contributed to a mass 
tr a n s f e r of water vapor from the lower to upper l a y e r s . Since the 
layers between 1955 and 1965 have had ten a d d i t i o n a l years f o r t h i s 
diagenesis to occur (as compared to the l a y e r s i n the i n t e r v a l 1965¬
79) i t seems reasonable to suppose that during t h i s ten-year i n t e r v a l 
a c e r t a i n amount of m a t e r i a l could have been t r a n s f e r r e d out of the 
lower layers of f i r n . The p o s s i b l e mechanisms which could produce such 
a mass t r a n s f e r are discussed i n the next chapter. 
At some s i t e s i n A n t a r c t i c a gross 8 r a d i o a c t i v i t y (Lambert and 
others, 1977) can be used to detect annual s t r a t i f i c a t i o n because of 
a seasonal peak i n atmospheric r a d i o a c t i v i t y , (Lockhart and others, 
1966). In our f i v e 3-meter p r o f i l e s (Figures 9-13), there i s some 
i n d i c a t i o n of an annual peak i n B a c t i v i t y . Suggested ages f o r these 
peaks are marked i n parentheses on the f i g u r e s . These peaks are not 
defined w e l l enough to a l l o w one to count annual layers using the B 
p r o f i l e s alone when studied i n conjunction w i t h the p r o f i l e s of v i s i b l e 
s t r a t i g r a p h y , but one can p i c k out annual peaks of a c t i v i t y w i t h a 
f a i r amount of accuracy. In a d d i t i o n , l a y e r s which appear homogeneous 
with regard to the v i s i b l e s t r a t i g r a p h y and are thought to contain 
more than one year's accumulation because of t h e i r thickness and 
inhomogeneity often show two d i s t i n c t B peaks, suggesting the e x i s -
tence of two annual layers (see f o r example i n Figure 9 from 0.28-0.50 
m and 0.88-1.00 m). 
The peaks of B a c t i v i t y are found most often j u s t below and 
r a r e l y j u s t above the t h i n hard c r u s t s i n the t h i c k , soft-medium hard, 
coarse grained l a y e r s . The hard c r u s t s , on the other hand, are u s u a l l y 
low i n a c t i v i t y . This i s b e l i e v e d to be a f u n c t i o n of the a r r i v a l time 
of the r a d i o a c t i v i t y and how one i n t e r p r e t s the v i s i b l e s t r a t i g r a p h i c 
l a y e r s . The s o f t layers are i n t e r p r e t e d as accumulation between autumn 
and spr i n g and the t h i n hard c r u s t s are i n t e r p r e t e d as l a t e summer 
features. A B concentration peak j u s t below a t h i n hard c r u s t then, 
i s c onsistent with the s p r i n g to e a r l y summer a r r i v a l times predicted 
from atmospheric studies (Lockhart and others, 1966). 
As described i n the previous s e c t i o n , i n most cases the depth 
h o a r - l i k e l a y e r s are g e n e r a l l y not continuous enough l a t e r a l l y to be 
used as s t r a t i g r a p h i c markers. However, i n a few cases (see Figure 9 
at 2.10 m, Figure 10 at 1.5 m and 2.4 m and Figure 12 at 2.0 m) the 
1955 and 1965 B horizons are found to c o r r e l a t e w i t h w e l l developed 
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crusts and depth h o a r - l i k e l a y e r s . These s t r a t i g r a p h i c l a y e r s seem 
to be quite extensive i n the Dome C area as a s i m i l a r c o r r e l a t i o n 
has been noted by Pourchet (1979) f o r the la y e r s o c c u r r i n g at the 
1955 l e v e l at Dome C. 
I t seems possible to d i s t i n g u i s h annual peaks i n 8 a c t i v i t y i f 
one has a d e t a i l e d p r o f i l e of the v i s i b l e s t r a t i g r a p h y for comparison. 
The best defined p r o f i l e s occur i n the areas which have the highest 
snow accumulation r a t e s ( p r o f i l e s B and D). This i s because more 
samples were obtained per annual l a y e r . In other regions of A n t a r c t i c a 
where the accumulation r a t e i s higher, p a r t i c u l a r l y well-developed 
annual c y c l e s of a c t i v i t y are often observed (Lambert and others, 1977; 
Jouzel and others, 1979). Better r e s o l u t i o n i n the 8 - r a d i o a c t i v i t y 
p r o f i l e s should be po s s i b l e at a place such as Dome C i f samples are 
taken every centimeter rather than every two centimeters. This would 
give more samples per year and should provide b e t t e r peak r e s o l u t i o n . 
However, i f one i s i n t e r e s t e d simply i n the determination of the mean 
accumulation r a t e , a sampling every 0.02 m i s s u f f i c i e n t . 
M i c r o p a r t i c l e s . Using the c r i t e r i a e s t a b l i s h e d a t p. 11-15, micro-
p a r t i c l e peaks are i d e n t i f i e d i n the four p r o f i l e s at Dome C. These 
p r o f i l e s are presented i n Figures 9-12 and i n Appendix I I . Informa-
t i o n from the v i s i b l e s t r a t i g r a p h y and gross 8 r a d i o a c t i v i t y p r o f i l e s 
help w i t h the r e c o g n i t i o n of layers where p a r t i c l e peaks are absent or 
where two annual l a y e r s are apparently combined so that an estimate of 
the proportion of cases where an annual accumulation l a y e r s that are 
" l o s t " i s p o s s i b l e . The m i c r o p a r t i c l e p r o f i l e s are used not only f o r 
the determination of annual layer thickness (see Appendix V) but also 
f o r assessing the r e l a t i o n s h i p between m i c r o p a r t i c l e peaks, v i s i b l e 
s t r a t i g r a p h y ( i n c l u d i n g d e n s i t y and hardness), and the gross 8 radio-
a c t i v i t y p r o f i l e s . 
The mean background l e v e l s of m i c r o p a r t i c l e s ^u-0.63 y,m (which i s 
equivalent to the cleanest 30 percent of a l l samples i n each snow p i t 
section) are given i n Table 5. In a d d i t i o n , the mean background l e v e l 
of p a r t i c l e s i n the s i z e range 0.63-0.80 m^ and the upper and lower 
l i m i t s f o r the range of background as defined e a r l i e r are given f o r 
the four p r o f i l e s of t h i s study. These values agree w e l l w i t h mean 
background l e v e l s of m i c r o p a r t i c l e s measured by P e t i t (pers. comm.) 
(Figure 14) and i n d i c a t e that sample contamination i s not important. 
A d i r e c t comparison between u n i t s used i n t h i s study (number of 
p a r t i c l e s ^ 0.63 y,m/500 y,l) and those of P e t i t (number of p a r t i c l e s 
£ 0.80 u,m/l g) i s p o s s i b l e because the p a r t i c l e s i z e d i s t r i b u t i o n i s 
log a r i t h m i c . In most samples there are approximately twice as many 
p a r t i c l e s £ 0.63 y,m as there are p a r t i c l e s ^ 0.80 y,m, so that the 
numbers can be d i r e c t l y compared to p a r t i c l e concentrations on the 
basis of 500 jj.1 versus 1 g. Thus the numbers quoted here can be 
d i r e c t l y compared with those of P e t i t . Mean background l e v e l s of 
t h i s study are also s i m i l a r to those of Thompson (pers. comm.) from 
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S i t e Range 
:> 0.63 um [/500 u / ] 
;> 0.80 um [/ 1 g] 
0.63-0.80 um 
30% of (0.63-0.80 um) 
Threshold (upper l i m i t 
f o r background + 30%) 
Lower l i m i t f o r 
background - 30% 
F i t sections Thompson (shallow cores) 
(cleanest 3O%)/500 y.1 (cleanest 107o)/500 me 
A 
P e t i t 
B C D 
7687 5870 5490 5135 
2967 2319 2182 2189 
890 696 655 657 
3857 3015 2836 2846 
2077 1623 1527 1532 
6000 
(shallow p i t s ) / l g 
6000 ± 2500 
Table 5. M i c r o p a r t i c l e data showing values of the cleanest 30% of a l l samples i n each 
p i t and the lower and upper l i m i t of the background range as defined i n the 
t e x t . Comparable values of the mean background of m i c r o p a r t i c l e s from a 
shallow core (Thompson, pers. comm.) and from shallow p i t s ( P e t i t , pers. 
comm.) from Dome C are a l s o given. 
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Figure 14. Mi c r o p a r t i c l e p r o f i l e from shallow p i t at Dome C, 1975. 
(J.R. P e t i t ) (From Thompson and others, 1981). 
a s e c t i o n of core from Dome C (Figure 15) (depth i n t e r v a l 2.5-3.3 ra) 
(see Table 5 ) . 
The concentration of p a r t i c l e s (^  0.63 u.m) i n the peaks i n these 
p i t s range from as low as 10,000/500 u l to more than 70,000/500 u l 
which i s s i m i l a r to values obtained by Thompson f o r the shallow core 
s e c t i o n . However, P e t i t found a much lower concentration of p a r t i c l e s 
(^  0.80 u,m) i - n h i s peaks, h i s values ranging from l e s s than 10,000/1 g 
to only about 14,000/1 g. A good explanation f o r t h i s d i f f e r e n c e i s 
not known; contamination would not seem to be a s o l u t i o n since back-
ground p a r t i c l e l e v e l s are so s i m i l a r . 
Because the c r i t e r i a which are e s t a b l i s h e d to define m i c r o p a r t i c l e 
peaks permit s i n g l e samples and samples which r i s e only s l i g h t l y above 
background l e v e l s to be c a l l e d peaks, there i s a large v a r i a t i o n i n 
the shape and concentration of the "allowable" peaks. I f the p a r t i c l e 
p r o f i l e s are t r u l y recording d e p o s i t i o n a l events, then the s c a r c i t y of 
wel l - d e f i n e d peaks (those showing a gradual increase followed by a 
gradual decrease i n p a r t i c l e concentration) may be an I n d i c a t i o n that 
snow accumulation at Dome C i s not continuous throughout the year 
( p a r t i c u l a r l y i n the time i n t e r v a l during which atmospheric abundances 
of p a r t i c l e s are i n c r e a s i n g (Spring) and decreasing (Autumn) (see 
Figure 3). Rather, i t appears that snow accumulation may occur i n 
i s o l a t e d events, these events showing up as spikes i n p a r t i c l e con-
c e n t r a t i o n s . The occ a s i o n a l presence of w e l l - d e f i n e d peaks (see f o r 
example Figure 11 at 2.5-3.0 m) may Indicate that accumulation was 
f a i r l y continuous over the time recorded i n that i n t e r v a l of the core 
and that l i t t l e p o s t - d e p o s i t i o n a l r e d i s t r i b u t i o n occurred. 
The m i c r o p a r t i c l e peaks can a l s o be i n t e r p r e t e d as r e s u l t i n g from 
subsurface diagenesis i n which p a r t i c l e s are concentrated as the f i r n 
matrix evaporates. Many p a r t i c l e peaks are indeed located i n s o f t , 
coarse f i r n that have been severely a f f e c t e d by diagenesis (see, f o r 
example, Figure 9 at 0.10-0.20 and 0.50-0.60 m). However, because 
there are u s u a l l y the " c o r r e c t " number of concentration peaks f o r a 
given time i n t e r v a l , (one per year) most of the peaks are beli e v e d to 
be d e p o s i t i o n a l i n o r i g i n . The exact concentrations i n these peaks, 
however are, probably d i f f e r e n t than when o r i g i n a l l y buried at the 
surface. 
There i s no pre c i s e c o r r e l a t i o n between the peaks i n the 
m i c r o p a r t i c l e and the gross 8 r a d i o c a t i v i t y p r o f i l e s . Although the 
peaks of p a r t i c l e s and 8 a c t i v i t y occur i n the same type of l a y e r , 
the lag between peaks i s not c o n s i s t e n t . In some cases, the spring 
concentration maximum appears to have a r r i v e d p r i o r to the maximum of 
p a r t i c l e s (Figure 9 - 0.70-1.0 m; Figure 12 - 1.50-2.20 m). Elsewhere 
the timing of the $ and m i c r o p a r t i c l e peaks i s reversed. This lack of 
d i r e c t correspondence between the peaks i s b e l i e v e d to be due to the 
complex v a r i a t i o n i n atmospheric concentrations of m i c r o p a r t i c l e s and 
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Particles ^ 0.63j jm in Diameter Per 500JJI of Sample (10 
Figure 15. M i c r o p a r t i c l e p r o f i l e from shallow core s e c t i o n , Dome C. 
(Thompson, pers. comm.) 
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r a d i o a c t i v i t y together w i t h the e f f e c t s of surface r e d i s t r i b u t i o n 
during b u r i a l of these l a y e r s . 
The use of apparently y e a r l y maxima i n m i c r o p a r t i c l e concentra-
t i o n s to determine annual accumulation at Dome C i s demonstrated i n 
Appendix V. A comparison of the four m i c r o p a r t i c l e p r o f i l e s w i t h 8 
r a d i o a c t i v i t y and v i s i b l e s t r a t i g r a p h y of t h i s work, suggests that i n 
about 100 annual layers recorded i n the p r o f i l e s are about f i v e 
missing annual peaks (see Appendix V). This 5 percent estimate of 
l o s i n g an annual layer i s s i m i l a r to those from stake measurements i n 
the accumulation cross (p. 22) and supports the b e l i e f that the 
s t r a t i g r a p h i c c h a r a c t e r i s t i c s measured i n the p i t s are mainly 
d e p o s i t i o n a l i n o r i g i n . 
A r e a l and Temporal V a r i a b i l i t y : 
Comparison of P r o f i l e s B and C. To determine the r e p r o d u c i b i l i t y 
and thus the usefulness of these techniques f o r s t r a t i g r a p h i c c o r r e l a -
t i o n at Dome C, i t i s important to know both the a r e a l and temporal 
v a r i a b i l i t y of the parameters used. To estimate the u n i f o r m i t y both 
i n time and space, both widely separated and adjacent p r o f i l e s have 
been studied. For t h i s purpose, p r o f i l e s B and C (two adjacent pro-
f i l e s i n the same p i t ) were compared. 
In the 8 p r o f i l e s , there i s very l i t t l e s i m i l a r i t y . Both the 
shape of the p r o f i l e s and the estimates of accumulation rate derived 
from p r o f i l e s A and C are more s i m i l a r than the two p r o f i l e s which 
are adjacent (B and C). 
The d i r e c t c o r r e l a t i o n of peaks i n the m i c r o p a r t i c l e p r o f i l e s i s 
not p o s s i b l e and even the shapes of the p r o f i l e s are d i s s i m i l a r . How-
ever, estimates of mean annual accumulation from m i c r o p a r t i c l e pro-
f i l e s B and C are s i m i l a r (see Appendix V). 
The v i s i b l e s t r a t i g r a p h y i n p r o f i l e s B and C shows that a very 
good c o r r e l a t i o n down to 1.80 m (approximately 1961). In p a r t i c u l a r , 
the t h i n c r u s t s w i t h a s s o c i a t e d low density layers at about 0.30, 
0.60, 1.10 and 1.80 m c o r r e l a t e . Below t h i s , there i s l e s s corres-
pondence between l a y e r s . Because accumulation l a y e r s are often not 
h o r i z o n t a l l y continuous and from the v i s i b l e s t r a t i g r a p h y , i n c l i n e d 
layers are not uncommon, one might expect m i c r o p a r t i c l e and 8 a c t i v i t y 
p r o f i l e s to record t h i s l a t e r a l v a r i a b i l i t y . Perhaps the poor c o r r e l a -
t i o n between the deeper p o r t i o n s of p r o f i l e s B and C i s an i n d i c a t i o n 
of greater surface roughness and more extensive l a t e r a l v a r i a b i l i t y 
p r i o r to about 1961. This i s i l l u s t r a t e d s chematically i n Figure 16. 
The surface roughness needed to e x p l a i n such a v a r i a b i l i t y i s 
comparable with the surface roughness i n the bamboo f o r e s t , namely 
surface undulations w i t h wavelengths between 10 and 20 meters and 
amplitudes between 0.10 and 0.20 m. Figures 8b and 8e show that 
46 
Figure 16. Schematic representation of the s t r a t i g r a p h y i n P r o f i l e s 
B and C showing the preservation of undulating surfaces. 
annual layers can very i n thickness by as much as 0.20 m i n l e s s than 
6 m h o r i z o n t a l l y . The l e s s e r roughness which i s preserved i n the 
upper part of p r o f i l e s B and C has the same magnitude as the majority 
of the surface at Dome C and i s b e l i e v e d to be more representative 
of normal c o n d i t i o n s there. 
D e t a i l e d comparison of the p h y s i c a l p r o p e r t i e s of coeval s t r a t i -
graphic layers (as determined from the v i s i b l e s t r a t i g r a p h y ) , i n 
snow p i t s several kilometers apart r e v e a l i n some cases annual u n i t s 
with very s i m i l a r p r o p e r t i e s . The depth hoar layer associated with 
the 1965 l e v e l (as described on p. 39) i s even traceable to p r o f i l e 
D (100 km d i s t a n t ) . 
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DEPOSITIONAL AND DIAGENETIC PROCESSES 
Dep o s i t i o n a l Processes 
In t h i s s e c t i o n , the processes of de p o s i t i o n and diagenesis which 
are important i n the formation and p r e s e r v a t i o n of the s t r a t i g r a p h y 
at Dome C are examined. The patter n s recorded i n the snow p i t s at 
Dome C are p r i m a r i l y d e p o s i t i o n a l . An understanding of p o s t - d e p o s i t i o n a l 
m o d i f i c a t i o n s , which a f f e c t more subtle features such as la y e r hardness, 
d e n s i t y , g r a i n s i z e and t o t a l mass of m a t e r i a l preserved i n a p i t 
s e c t i o n i s however important to s t r a t i g r a p h i c i n t e r p r e t a t i o n s . 
The f i r s t question addressed i s whether i t i s always p o s s i b l e to 
d i s t i n g u i s h annual l a y e r s . The con t r a s t s between summer and winter 
meteorologic conditions ( i n c l u d i n g v a r i a t i o n s i n storm frequency, 
strength of the temperature i n v e r s i o n , and s o l a r r a d i a t i o n ) i n Ant-
a r c t i c a are s u f f i c i e n t l y d i s t i n c t to develop seasonal s t r a t i f i c a t i o n 
i n the snow cover ( G i o v i n e t t o , 1960; Gow, 1965). The r e c o g n i t i o n of 
a l t e r n a t i n g l a y e r s of approximately the " c o r r e c t " number and thickness 
i s a depth corresponding to a known age, suggests that these varying 
c o n d i t i o n s are recorded i n the snow at Dome C. 
Annual l a y e r s are g e n e r a l l y preserved during b u r i a l at Dome C, 
but complications a r i s e due to eros i o n and r e d i s t r i b u t i o n of part or 
a l l of an accumulated l a y e r p r i o r to b u r i a l . A f t e r b u r i a l , diagenetic 
processes, such as g r a i n growth and vapor t r a n s f e r under strong near-
surface temperature gradients and d e n s i f i c a t i o n under load, a f f e c t 
the p h y s i c a l p r o p e r t i e s of the f i r n and the t o t a l amount of m a t e r i a l 
preserved i n the surface l a y e r s . Thus the observed s t r a t i f i c a t i o n 
a lso may p a r t l y r e f l e c t c o n d i t i o n s p r e v a i l i n g a f t e r b u r i a l . 
Accumulation and a b l a t i o n of new p r e c i p i t a t i o n and r e d e p o s i t i o n 
of d r i f t snow occur at i r r e g u l a r i n t e r v a l s throughout the year and 
produce discontinuous l a y e r s which are modified p r i o r to b u r i a l by 
processes o c c u r r i n g at the surface. One year of accumulation stake 
measurements at Dome C i n d i c a t e that the bulk of t h i s accumulation 
occurred sometime between the end of the 1978/79 summer and the begin-
ning of the 1979/80 summer. The b e l i e f that the bulk of the annual 
accumulation occurs during the autumn and winter i s supported by work 
of Gow (1965), Barkov (1975) and Radok and L i l e (1977). 
R e d i s t r i b u t i o n of snow at the surface and the development of topo-
graphic r e l i e f (small dunes and s a s t r u g i ) are important to the form and 
pres e r v a t i o n of each accumulation l a y e r . The processes which produce 
the record seen i n a p i t can be c l a s s i f i e d according to whether an 
annual l a y e r i s preserved i n one s i t e , whether i t i s completely or 
p a r t i a l l y l o s t by eros i o n or whether i t was never deposited because 
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f o r some reason the s i t e was not conducive to the accumulation of 
snow. Figure 17 i s a schematic representation of the possible c o n t i n 
um ( i n time and space) which might e x i s t between surface topography 
and accumulation l a y e r s . 
E r o s i o n Inversion N o n - d e p o s i t i o n Preservation 
glazed surface 
Figure 17. Schematic representation of the po s s i b l e p o s i t i o n a glaze 
surface with respect to other d e p o s i t i o n a l u n i t s . Dashed 
l i n e represents the next year's surface. 
The presence or absence of a t h i n surface crust may be c r u c i a l 
to the u l t i m a t e p r e s e r v a t i o n or loss of an accumulated l a y e r . The 
r e l a t i v e l y calm, c l e a r c o n d i t i o n s and the strong near-surface tem-
perature gradients which e x i s t at Dome C throughout the summer pro-
vide the conditions necessary f o r the formation of these c r u s t s . 
Koerner (1971) and Taylor (1971) discussed the formation of such 
crusts at Plateau S t a t i o n . Suggested mechanisms include heat and 
vapor t r a n s f e r by evaporation and recondensation, windpacking and 
absorption of s o l a r r a d i a t i o n , producing i n t e r g r a n u l a r and i n t r a -
granular melting. 
Gow (1965) discussed the formation of glazed surfaces at the 
South Pole. Based on accumulation stake measurements, such c r u s t s , 
he believed, were surfaces of non-accumulation which form by pro-
longed exposure to wind and s o l a r r a d i a t i o n . The apparent formation 
of such crusts over most of the surface at Plateau S t a t i o n and Dome 
C during the summer can be contrasted with the s i t u a t i o n which pre-
v a i l s at the South Pole, where the m a j o r i t y of the surface (except 
for 30-40 percent which i s glazed (Gow, 1965) becomes s o f t e r due to 
extensive mass-loss during the summer. Orheim (1968) has suggested 
that perhaps t h i s i s an i n d i c a t i o n of a la r g e r p o s i t i v e r a d i a t i o n 
balance during the summer at the South Pole than at Plateau S t a t i o n . 
At Dome C, sublimation c r y s t a l s are observed f r e q u e n t l y on 
surfaces of pronounced p o s i t i v e r e l i e f f e a t u r e s , (dunes, s a s t r u g i ) . 
I f the surface at the South Pole has more extensive p o s i t i v e r e l i e f 
f e a t u res, both l a t e r a l l y and i n terms of height, than at Plateau 
S t a t i o n or Dome C, then the processes described by Gow (1965) and 
Orheim (1968) should be more e f f e c t i v e there. Such a surface would 
favor r a d i a t i o n a l heating and mass-loss through sublimation, due to 
higher angles of incidence of the sun on the surface even though 
Plateau S t a t i o n and Dome C are at lower l a t i t u d e s . 
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As discussed e a r l i e r , the gross surface topography (on a scale 
of tens of meters) i s preserved throughout the summer and, to a 
large extent, from year to year (Figure 11 a,d). Small v a r i a t i o n s 
(± 0.05 m) are observed to occur during the summer season with a 
s l i g h t reduction of surface e l e v a t i o n on the c r e s t s and small 
increases i n the hollows. These changes are i n t e r p r e t e d to be a 
manifestation of the i n i t i a l stages of the process of sublimation-
d e f l a t i o n described by Gow (1965). 
In Figures 7 e and 7 f, not a l l the p r o f i l e s i n d i c a t e a preser-
v a t i o n of the la r g e - s c a l e surface r e l i e f . Topographic i n v e r s i o n 
occurs where a low area one year becomes a high i n the next. The 
exact mechanism by which t h i s type of p r o f i l e develops i s not c l e a r 
and f u r t h e r studies should i n v e s t i g a t e the development of these 
patterns. Perhaps t h i s i s j u s t a random process. 
I f the formation of a t h i n surface crust i n the l a t e summer at 
Dome C i s the key to the preservation of seasonal marker l e v e l s , then 
each annual l a y e r should be i n t e r p r e t e d as the accumulation between 
two summer c r u s t s . Once t h i s accumulation i s sealed under a c r u s t , 
l i t t l e f u r t h e r surface r e d i s t r i b u t i o n can take place and subsequent 
changes i n the d e p o s i t i o n a l s t r a t i g r a p h y must be accounted f o r by 
some form of diagenesis. 
Diagenetic Processes 
In previous sections i t was shown that part of the record pre-
served i n the snow layers i n p i t s at Dome C r e s u l t s from d e p o s i t i o n a l 
processes. However c e r t a i n f e a t u r e s , such as the t h i n depth hoar-
l i k e layers and the t h i c k e r , very s o f t , low den s i t y l a y e r s , may be 
due to vapor loss a f t e r b u r i a l , due to a i r exchanges or vapor 
migration under temperature gradients and forced convection. These 
processes can lead to the formation of euhedral c r y s t a l s of depth 
hoar and changes i n the r e l a t i v e hardness, g r a i n s i z e , density and 
impurity concentration due to the r e d i s t r i b u t i o n of mass w i t h i n the 
snow l a y e r s . 
I t was suggested p r e v i o u s l y that part of the 30 percent increase 
i n the accumulation rate recorded i n the depth i n t e r v a l 0-1.5 m as 
compared to the i n t e r v a l 1.5-2.5 m may be r e l a t e d to upward mass 
f l u x during negative temperature gradient metamorphism, rather than 
to processes of surface accumulation and preservation. The deeper 
(older) layers i n the i n t e r v a l 1.5-2.5 m where strong temperature 
gradients are s t i l l important have been l o s i n g vapor f o r more years. 
Thus, even i f accumulation were constant a t the time represented by 
t h i s depth i n t e r v a l , there would be le s s mass preserved i n deep, o l d 
layers than was o r i g i n a l l y accumulated at the surface. 
In t h i s s e c t i o n , the processes which may contribute to these 
changes ( i n c l u d i n g d i f f u s i o n , conduction and convection) are discussed, 
31 
w i t h s p e c i a l emphasis on the c o n t r i b u t i o n of each process to the 
changes which occur i n the s t r a t i g r a p h y . In a d d i t i o n , f o r formation 
of depth hoar and very s o f t , low den s i t y layers i s discussed and the 
p o t e n t i a l for such l a y e r s to form at Dome C i s assessed. F i n a l l y , 
some important i m p l i c a t i o n s of these processes to s t r a t i g r a p h i c 
i n t e r p r e t a t i o n s are suggested. 
In d i s c u s s i n g the processes which contribute to the transforma-
t i o n of snow to i c e , Yen (1969) described four types of snow metamor-
phism. Two of these, d e s t r u c t i v e and c o n s t r u c t i v e metamorphism are 
be l i e v e d to be important i n t h i s transformation and are discussed 
below. The other two, pressure and melt metamorphism i n v o l v e both 
greater depths and higher temperatures than were inv o l v e d i n t h i s 
study. 
De s t r u c t i v e metamorphism (also known as equitemperature metamor-
phism) occurs i n layer s of snow which have a r e l a t i v e l y constant tem-
perature throughout. In the absence of a temperature gradient, mass 
f l u x does not occur and the transformations which take place at low 
temperatures are caused by vapor d i f f u s i o n along pressure gradients 
e s t a b l i s h e d by d i f f e r e n c e s i n g r a i n shape and curvature of c r y s t a l 
faces (Giddings and La Chappelle, 1962). This type of metamorphism 
ge n e r a l l y r e s u l t s i n fine-medium (0.5-1.0 mm) rounded grains of weakly 
bonded snow which have l o s t n e a r l y a l l of t h e i r o r i g i n a l snow c r y s t a l 
h a b i t (Yen, 1969). This process i s most e f f e c t i v e i n the f i r s t few 
days a f t e r d e p o s i t i o n of new snow and i s accelerated when the snow 
i s exposed to so l a r r a d i a t i o n (Gow and Ramseier, 1963), but continues 
throughout the f i r n due to curvature contrasts p a r t i c u l a r l y between 
c r y s t a l sides and necks. 
Co n s t r u c t i v e (temperature gradient) metamorphism occurs when 
vapor pressure gradients are e s t a b l i s h e d as a r e s u l t of strong 
temperature gradients i n the snow. The snow which r e s u l t s from t h i s 
type of metamorphism u s u a l l y has enlarged grains (2-8 mm), reduced 
density, low strength, high a i r p e r m e a b i l i t y , and low v i s c o s i t y and 
b r i t t l e n e s s as compared w i t h the o r i g i n a l snow (de Quervain, 1973). 
I t i s t h i s type of metamorphism which c o n t r i b u t e s to the formation 
of depth hoar (Giddings and La Chapelle, 1962; Gow, 1965; A k i t a y a , 
1974) and other s o f t , l o o s e l y bonded l a y e r s which have been described 
by several workers (Benson, 1962; Shumskii, 1969) and that were 
observed at Dome C 
*At p. 28, i t was shown that layers resembling depth hoar are 
found i n most of the Dome C p i t s . These l a y e r s are not r e g u l a r l y 
spaced and i n some cases they are not l a t e r a l l y continuous. Be-
cause of t h i s , these depth h o a r - l i k e layers can not be used as a 
sole c r i t e r i o n f o r the determination of annual l a y e r boundaries as 
was done by Gow (1965) f o r the South Pole. However, the occurrence 
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of these lay e r s probably demonstrates the importance of temperature 
gradient induced metamorphism and mass f l u x i n the near surface layers 
at Dome C. 
The conditions required f o r the formation of depth hoar i n polar 
regions are not w e l l understood. Most of the previous work has been 
d e s c r i p t i v e (Gow, 1965; Taylor , 1971) and the few t h e o r e t i c a l 
(Giddings and LaChapelle, 1962) and laboratory (Akitaya, 1974) studies 
that have been made have considered conditions (absolute temperature, 
temperature grad i e n t s , density) which are not a p p l i c a b l e to c o l d polar 
regions. 
A k i t a y a (1974) made a d e t a i l e d laboratory and f i e l d i n v e s t i g a t i o n 
on d i f f e r e n t types of depth hoar and the conditions required f o r t h e i r 
development. S o l i d type depth hoar which was thought to be the most 
s i m i l a r to depth hoar forming i n polar regions, was described by 
Akitaya as being composed of small s o l i d c r y s t a l s w i t h sharp edges, 
corners and f l a t c r y s t a l surfaces. The importance of a i r space f o r 
the growth of depth hoar was a l s o addressed i n t h i s study. Akita y a 
concluded that s o l i d type depth hoar was most l i k e l y to form i n f i n e 
grained, high density snow with a small a i r space under the influence 
of a r e l a t i v e l y small negative upward temperature gradient. The 
importance of time i n the development of depth hoar i n polar regions 
was a l s o mentioned by him. Where snow layers are preserved near the 
surface f o r se v e r a l years, as i n parts of A n t a r c t i c a , depth hoar may 
grow and enlarge i n a progressive manner. 
Another aspect of Akitaya's studies on depth hoar was an inves-
t i g a t i o n on how hardness and density of the snow change with the 
development of depth hoar. In experiments l a s t i n g from 1 to 10 days, 
with various temperature grad i e n t s , A k i t a y a found that there was l i t t l e 
change i n den s i t y w i t h metamorphism, but that hardness of the snow 
did change according to the magnitude of the temperature gradient and 
the o r i g i n a l snow d e n s i t y . For example, snow with an o r i g i n a l density 
l e s s than 260 kg/m^ was found to decrease i n hardness during metamor-
phsim, regardless of the temperature gradient and the o r i g i n a l snow 
density. When the o r i g i n a l d e n s i t y was greater than 260 kg/m^ hard-
ness was found to change only s l i g h t l y or increase according to the 
magnitude of the temperature gradient. Only i n c e r t a i n cases, above 
a density of 300 kg/m^ d i d the hardness decrease. ~*A s p e c i a l s i t u a -
t i o n described by Akitaya as perhaps o c c u r r i n g i n polar regions i s 
that i n which a r a p i d increase i n hardness occurs i n the near surface 
l a y e r of snow cover ( o r i g i n a l d e n s i t y - 350 kg/nr) as a r e s u l t of a 
r a p i d drop i n temperature ^producing a large near-surface negative 
temperature gradient > 0.5 C/cm), intense surface r a d i a t i o n and per-
haps a strong c o l d wind. This mechanism, which may be r e l a t e d to the 
age hardening process described by Gow and Ramsier (1963), i s thought 
to be important i n the formation of the t h i n hard c r u s t s such as at 
Dome C• 
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In order to p r e d i c t whether the conditions ( e s p e c i a l l y near-
surface temperature gradients) required f o r the formation of depth 
hoar can occur at Dome C, a comparative study was made with the con-
d i t i o n s at South Pole and Plateau S t a t i o n using temperature data of 
Gio v i n e t t o (1960) (see Appendix VI) and Weller and Schwertfeger (1977), 
r e s p e c t i v e l y . C a l c u l a t i o n s of temperature gradients, based on one 
year of temperature data from the South Pole, i n d i c a t e that the 
maximum negative (upward) temperature gradients (-0.03 to -0.6 C/cm) 
occur i n the upper 0.25 m of the snow cover during March and A p r i l . 
Temperature data from Plateau S t a t i o n shows that the steepest negative 
gradients occur i n A p r i l and May, about one month l a t e r than at the 
South Pole. The steepest p o s i t i v e gradients occur i n December at 
both l o c a t i o n s . 
Since the absolute temperatures i n polar regions are g e n e r a l l y 
w e l l below 0 C, the formation of depth hoar may be a much slower 
process than i n other snow covered regions, r e q u i r i n g , perhaps s e v e r a l 
years. The importance of time to the formation of depth hoar may 
exp l a i n the f i r s t occurrence of w e l l developed depth hoar at 0.30 m 
(which at Dome C would req u i r e between two and four years). 
The understanding of temperature gradient induced metamorphism 
i n snow, and the formation of depth hoar, involves an understanding 
of the processes which c o n t r i b u t e to heat and mass f l u x . These pro-
cesses include conduction, d i f f u s i o n , and free and forced convection. 
The importance of thermal c o n d u c t i v i t y of the i c e network to the 
heat t r a n s f e r i n a snow l a y e r was studied by de Quervain (1973). He 
determined experimentally that a major p o r t i o n (75 percent) of the 
e f f e c t i v e heat t r a n s f e r i n the snow could be a t t r i b u t e d to conduction 
through the i c e skeleton. Thermal c o n d u c t i v i t y i s important to heat 
t r a n s f e r and the e l i m i n a t i o n of the temperature gradient i n a snow 
lay e r . Mass f l u x , r e s u l t i n g from the temperature gradients estab-
l i s h e d i n the snow, on the other hand, must occur through some type 
of molecular d i f f u s i o n . 
In a study on the metamorphism of snow, Bader and others (1954) 
concluded that the c o n t r i b u t i o n to mass f l u x by d i f f u s i o n during 
temperature gradient metamorphism was too small (several mg/cm^/day) 
fo r the temperature range from 0° to -10° C to account f o r the forma-
t i o n of depth hoar and the mass f l u x which was known to occur from 
f i e l d and laboratory s t u d i e s . I t was concluded therefore that con-
v e c t i o n must a l s o be important to the process of mass t r a n s f e r . 
Experimental work of Yosida (1950) showed that n a t u r a l con-
v e c t i o n probably does not contribute s i g n i f i c a n t l y to vapor t r a n s f e r 
through snow. This was determined by comparing the d i f f u s i o n co-
e f f i c i e n t s of water vapor through snow when f i r s t a negative tem-
perature gradient and then a p o s i t i v e gradient was a p p l i e d . 
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Recent studies on the importance of n a t u r a l convection to mass 
f l u x i n a snow layer and the conditions which must be f u l f i l l e d to 
i n i t i a t e t h i s n a t u r a l convection, are due to Akitay a (1974) and Palm 
and T v e i t e r e i d (1979). The important parameters include the magnitude 
of the negative temperature gradient, snow layer thickness and the a i r 
permeability of the snow. These authors conclude that n a t u r a l convec-
t i o n i s l i k e l y to occur only i n f a i r l y coarse grained, o l d snow layers 
of high a i r p e r m e a b i l i t y w i t h a c e r t a i n c r i t i c a l l a y e r thickness, and 
a f a i r l y high temperature gradient. The r e l a t i v e and absolute magnitude 
of these parameters have been determined t h e o r e t i c a l l y by considering 
Rayleigh's theory of motion i n a viscous f l u i d ( A kitaya, 1974), Darcy's 
law to determine the motion of a mixture of a i r and water vapor i n a 
snow layer (Palm and Weber, 1971) and experimentally i n the laboratory 
( A k i t a y a , 1974). 
The c o n t r i b u t i o n of n a t u r a l convection to the mass f l u x ( l o s s and 
gain) i n a snow layer has a l s o been discussed by these authors. Palm 
and T v e i t e r e i d (1979) determined that when n a t u r a l convection occurs 
i n a snow l a y e r (with a negative-upward temperature gradient) there 
i s an o v e r a l l mass loss i n the lower parts of the layer and a corres-
ponding gain i n the upper part. 
Forced convection r e s u l t i n g from pressure f l u c t u a t i o n s e s t a b l i s h e d 
during periods of gusty winds has a l s o been suggested as a mechanism to 
enhance mass t r a n s f e r i n snow (Yen, 1969; de Quervain, 1973), Yen (1969) 
studied, both experimentally and t h e o r e t i c a l l y , the e f f e c t s of a i r flow 
on vapor d i f f u s i v i t y and e f f e c t i v e thermal c o n d u c t i v i t y of snow. He 
concluded that both the e f f e c t i v e heat conduction and vapor transport 
are increased due to a i r v e n t i l a t i o n i n snow. P r e l i m i n a r y c a l c u l a t i o n s 
(Appendix VII) e s t i m a t i n g the amount of mass t r a n s f e r which might occur 
as a r e s u l t of forced convection, support the ideas of Yen. More 
s o p h i s t i c a t e d c a l c u l a t i o n s and f i e l d experiments should i n v e s t i g a t e 
the c o n t r i b u t i n g of forced convection to mass f l u x i n snow. 
A f i n a l important aspect of the process of temperature gradient 
metamorphism and the associated mass f l u x i s that with time the process 
should become more e f f i c i e n t . The progressive increase of a i r 
p e r m e a b i l i t y and the o v e r a l l increase i n v e n t i l a t i o n with time w i l l 
improve the conditions necessary f o r convection. Furthermore, because 
the changes i n snow den s i t y (increases i n some layer s and decreases i n 
others) associated w i t h these processes w i l l change the e f f e c t i v e 
thermal c o n d u c t i v i t y of the snow, the associated temperature gradients 
w i l l a l s o change. In p a r t i c u l a r , extremely low density layers formed 
as a r e s u l t of mass loss may show considerably steepened temperature 
gradients as a r e s u l t of t h e i r poor thermal c o n d u c t i v i t y . 
Based on these processes o c c u r r i n g during temperature gradient 
metamorphism and the necessary c o n d i t i o n s f o r the formation of depth 
hoar, I think that the s o - c a l l e d depth h o a r - l i k e l a y e r s at Dome C are 
In f a c t s o l i d - t y p e depth hoar formed over a period of years near the 
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surface (upper 0.25 m) during A p r i l and May when the temperature 
gradients i n t h i s depth i n t e r v a l are the strongest. The very s o f t , 
low density l a y e r s , on the other hand, are probably layers of snow 
which with time have l o s t a considerable p o r t i o n of t h e i r mass through 
sublimation, while s t i l l i n the depth i n t e r v a l where temperature 
gradients are important. 
Time i s an important f a c t o r f o r the progressive formation of 
these l a y e r s . In the formation of these various diagenetic l a y e r s , 
molecular d i f f u s i o n , enhanced by n a t u r a l and forced convection are 
important processes. These processes when o c c u r r i n g p r o g r e s s i v e l y 
over a period of s e v e r a l years may become s i g n i f i c a n t . The impor-
tance of time and the progressive changes which could occur i n a snow 
layer are important phenomena to i n v e s t i g a t e . The r e v i s i t a t i o n of one 
s i t e over a period of years should provide i n t e r e s t i n g Information on 
the temporal changes i n snow s t r a t i g r a p h i c r e s u l t i n g from diagenesis. 
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CONCLUSIONS 
Recent studies of past c l i m a t i c changes, as revealed i n long i c e 
cores, has stressed the need f o r understanding the development of the 
record preserved i n these cores. This study i n v e s t i g a t e d to what 
extent the record preserved at depth i s more a fun c t i o n of d e p o s i t i o n a l 
processes or of processes a c t i n g during or soon a f t e r b u r i a l . A l s o , 
problems of a r e a l and temporal v a r i a b i l i t y were studied with a view 
to understanding how r e p r e s e n t a t i v e (both i n time and space) a p a r t i c -
u l a r core i s f o r a c e r t a i n region. F i n a l l y , v a l i d i t y of c e r t a i n 
s t r a t i g r a p h i c methods f o r dating was assessed. 
Results of t h i s i n v e s t i g a t i o n of surface accumulation and snow 
p i t s t r a t i g r a p h y at Dome C, East A n t a r c t i c a are given below. 
(1) The mean accumulation rate f o r 1979 as determined from 
100 c l o s e l y spaced (3 m apart) poles, (the "bamboo f o r e s t " ) 
was c a l c u l a t e d to be about 62 kg/m^/a (a = 28). In a more 
extensive network of poles (1 km apart) ("accumulation 
cross") the balance was determined to be about 35 kg/m^/a 
(a = 24). The estimate from the accumulation cross i s 
s i m i l a r to determinations (using gross B r a d i o a c t i v i t y ) 
from f i v e 3-meter snow p i t s , i n which mean annual accumu-
l a t i o n since 1955 was 34 kg/m / a ) . Surface roughness 
p r o f i l e s i n the bamboo f o r e s t i n d i c a t e that small hollows 
were developed on the surface at the end of the 1978-79 
season, during a period of high winds. Snow accumulated 
p r e f e r e n t i a l l y i n these hollows so that more s i t e s showed 
abnormally high accumulations, thereby i n c r e a s i n g the mean 
value. The close spacing of the stakes i n the "bamboo 
f o r e s t " may have al s o c o n t r i b u t e d to p r e f e r e n t i a l deposi-
t i o n i n t h i s s i t e . 
(2) The p r o b a b i l i t y of l o s i n g an annual accumulation layer at 
Dome C ranges from 0 percent (bamboo f o r e s t ) to 6 percent 
(accumulation c r o s s ) . These a r e a l l y averaged determina-
t i o n s from surface measurements compare weJ-1 w i t h temporally 
averaged estimates from the snow p i t s i n which i t i s e s t i -
mated that between 5 percent (1 out of 20) and 6 percent 
(1 out of 17) of the annual lay e r s are l o s t by non accumu-
l a t i o n or erosion. 
(3) The development of an "annual accumulation l a y e r " and the 
degree of surface roughness i n the Dome C area were examined 
i n the bamboo f o r e s t . Surface features of 10 to 20 m wave-
length, w i t h amplitudes of 0.10 to 0.20 m, were recognized. 
These features are often preserved from year to year. In 
some years, however, processes of accumulation may i n v e r t 
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or completely change these surface accumulation patterns. 
Changes i n these surface p r o f i l e s are smallest during 
December and January. Small changes (lowering of high 
spots and f i l l i n g i n of lows), on the order of c e n t i -
meters, were observed during December and January. 
These are b e l i e v e d to be a mani f e s t a t i o n of the process 
of s u b l i m a t i o n - d e f l a t i o n discussed by Gow (1965). 
The p r e s e r v a t i o n of surface features recorded by the 
bamboo f o r e s t p r o f i l e s i s f u r t h e r shown i n the c o r r e l a t i o n 
of two adjacent snow p i t p r o f i l e s ( p r o f i l e s B and C). The 
d i f f i c u l t y encountered i n attempting to c o r r e l a t e these 
two p r o f i l e s can be explained i f one concludes that annual 
accumulation l a y e r s of varying dimension and l a t e r a l 
extent are preserved w i t h depth. The buried layer rough-
ness needed to e x p l a i n such v a r i a b i l i t y i s comparable with 
estimates of surface roughness from the bamboo f o r e s t and 
estimates based on the standard d e v i a t i o n of accumulation 
r a t e measurements obtained from gross B r a d i o a c t i v i t y . 
(4) Annual u n i t s of accumulation i n v o l v i n g t h i c k s o f t l a y e r s 
topped by a t h i n hard crust (with or without depth hoar-
l i k e layers below) are recognizable and preserved with 
depth i n a p i t . The t h i n hard c r u s t s are formed during 
the l a t e summer by processes of near-surface diagenesis, 
i n v o l v i n g e f f e c t s of wind and r a d i a t i o n . Shallow-pit 
studies of the development of the near-surface snow l a y e r 
confirm that these processes are o c c u r r i n g . 
(5) In conjunction w i t h d e t a i l e d information on the v i s i b l e 
s t r a t i g r a p h y , gross 9 r a d i o a c t i v i t y i s u s e f u l f o r the 
i d e n t i f i c a t i o n of annual l a y e r s . M i c r o p a r t i c l e p r o f i l e s 
were a l s o used to i d e n t i f y annual u n i t l a y e r s . The peaks 
i n p a r t i c l e concentrations were i d e n t i f i e d independently 
of other methods, but a d e t a i l e d v i s i b l e s t r a t i g r a p h i c 
map i s necessary f o r a co r r e c t dating of these peaks. 
The r e c o g n i t i o n of annual lay e r s i n the p i t s and the conclusions 
that the d e p o s i t i o n a l s t r a t i g r a p h y i s preserved with depth i s f u r t h e r 
supported by work of A l l e y (1980) on a 50 m f i r n core from Dome C-
In that study, v i s i b l e s t r a t i g r a p h i c u n i t s i n v o l v i n g t h i n , hard, f i n e -
grained layers and t h i c k e r , s o f t , coarse-grained layers ( s i m i l a r to 
those defined here) were recognized the complete length of the core. 
Evidence that the annual cyc l e s i n m i c r o p a r t i c l e concentration 
seen at the surface are preserved w i t h depth i s supported by studies 
of 61 sections from the French 905 m Dome C core (Thompson and 
others, 1981). These authors recognized " d i s t i n c t " c y c l i c a l v a r i a -
t ions i n m i c r o p a r t i c l e concentration preserved at depth i n t h i s 
core. Furthermore, the mean annual accumulation derived from t h i s 
i n t e r p r e t a t i o n , (32 kg/m /a) i s comparable w i t h current estimates 
at the surface. 
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The next step i n the i n t e r p r e t a t i o n of the s t r a t i g r a p h i c record 
preserved i n snow p i t s and i c e cores i s to t e s t the c r i t e r i a which 
have been developed i n t h i s study. The r e s u l t s of the gross 6 r a d i o -
a c t i v i t y , and m i c r o p a r t i c l e samplings which w i l l be a v a i l a b l e , from 
the 1979-80 Dome C snow p i t studies w i l l be very h e l p f u l i n such a 
t e s t . I f the 1979-80 p i t s can be accu r a t e l y i n t e r p r e t e d using these 
c r i t e r i a , then these techniques can be extended to deeper f i r n and 
ic e core s t u d i e s . 
Future f i e l d programs should i n v e s t i g a t e , i n more d e t a i l , the 
temporal development of an annual accumulation l a y e r over a period 
of years. Both surface stake measurements and d e t a i l e d snow p i t 
studies w i l l be h e l p f u l f o r the understanding of the progressive 
changes which take place i n the near surface l a y e r s . Snow p i t 
sampling for 6 r a d i o a c t i v i t y and m i c r o p a r t i c l e s every centimeter 
i s recommended to see I f be t t e r peak r e s o l u t i o n i s obtainable. 
Studies of the temporal changes i n hardness, d e n s i t y , and g r a i n 
s i z e of snow c r y s t a l s i n both hard and sof t l a y e r s I s suggested 
to help i n understanding the record which i s preserved w i t h depth. 
F i n a l l y , t h e o r e t i c a l c a l c u l a t i o n s combined with experimental 
f i e l d studies should be i n i t i a t e d to study the importance of mass 
t r a n s f e r i n t o and out of the near surface l a y e r s at Dome C. T h e o r e t i -
c a l c onsiderations and pr e l i m i n a r y c a l c u l a t i o n s seem to suggest that 
mass t r a n s f e r may be s i g n i f i c a n t l y enhanced by forced convection. 
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Appendex I . Accumulation Rate Data from Bamboo Forest and 
Accumulation Cross, December 5, 1978-November 
30, 1979. 
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Bamboo Forest Accumulation i n meters of snow. 
Pole Ac cum Pole Accum Po i c Accum Pole Accum Accum 
A o 0.115 B o 0. 150 c o 0.100 D o 0.280 E o 0.380 
A l 0.125 B l 0. 100 C l 0.065 D l 0.210 E l 0.390 
A 2 0.060 B 2 0. 055 C 2 0.120 D 2 0.190 E 2 0.345 
A3 0.150 B 3 0. 110 C 3 0.160 D 3 0.130 E 3 0.295 
A 4 0.160 B 4 0. 235 C 4 0.230 D 4 0.180 E 4 0.170 
A 5 0.155 B5 0. 240 C 5 0.260 D 5 0.185 E 5 0.180 
A 6 0.175 B 6 0. 195 C 6 0.260 D 6 0.310 E 6 0.160 
A 7 0.160 B 7 0. 195 C7 0.340 D 7 0.315 E 7 0.150 
A 8 0.055 B 8 0. 135 C 8 0.235 D 8 0.240 E 8 0.240 
A 9 0.190 B 9 0. 160 C 9 0.295 D 9 0.250 E 9 0.160 
F o 0.125 G 0 0. 155 H o 0.150 X 0 0.180 J o 0.200 
F l 0.290 G l 0. 145 H l 0.080 h 0.200 J l 0.225 
F 2 0.400 G 2 0. 050 H 2 0.115 h 0.200 J 2 0.200 
F 3 0.280 G 3 0. 130 H 3 0.145 H 0.155 J 3 0.215 
F 4 0.305 G 4 0. 135 H 4 0.195 h 0.195 J4 0.180 
F 5 0.110 G 5 0. 100 H 5 0.225 0.300 J 5 0.110 
F 6 0.105 G 6 0. 210 H 6 0.220 h 0.140 J 6 0.170 
F7 0.120 G 7 0. 100 H 7 0.185 0.160 J7 0.120 
F 8 0.160 G 8 0. 140 H 8 0.125 h 0.085 J 8 0.180 
F 9 0.220 G 9 0. 185 H 9 0.090 0.150 J 9 0.105 
X = 0.183 
68 a - 0.075 
-0.030 
0.000 
0.020 
0.010 
0.060 
0.010 
•0.020 
-0.010 
-0.030 
0.080 
-0.020 
-0.020 
0.000 
0.150 
-0.030 
0.200 
0.050 
•0.400 
0.220 
0 0.020 
0.000 
-0.020 
-0.020 
0.070 
0.040 
-0.030 
-0.010 
-0.010 
-0.020 
-0.030 
-0.040 
-0.060 
0.010 
-0.050 
-0.020 
-0.020 
-0.020 
-0.010 
0.060 
0 
H, 
H„ 
H. 
H, 
-0.010 
0.040 
-0.020 
0.000 
0.040 
-0.030 
-0.030 
-0.020 
-0.010 
-0.020 
-0.010 
-0.050 
-0.030 
-0.030 
-0.030 
-0.010 
-0.020 
-0.040 
-0.020 
-0.020 
L8 
0.100 
0.040 
0.060 
0.010 
-0.020 
-0.010 
-0.140 
-0.090 
-0.020 
-0.010 
-0.010 
-0.010 
-0.020 
-0.020 ^ 
-0.010 
-0.030 
-0.030 
0.010 
-0.020 
0.000 
J8 
J 9 
X = 
a = 
0.000 
0.060 
-0.020 
0.070 
0.000 
0.050 
-0.020 
-0.010 
0.000 
-0.030 
-0.010 
-0.020 
0.000 
0.000 
-0.030 
-0.040 
-0.040 
0.000 
-0.020 
-0.010 
-0.005 
0.063 
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0.00 
0.025 
0.025 
-0.010 
0.00 
0.00 
0.00 
-0.010 
0.030 
0.00 
0.015 
0.045 
-0.045 
0.020 
-0.025 
0.00 
0.030 
0.030 
0.030 
0.00 
B-
B, 
0.000 
0.050 
0.015 
0.025 
-0.015 
-0.015 
-0.015 
-0.010 
0.030 
0.000 
0.020 
-0.010 
0.045 
0.045 
0.040 
0.060 
0.000 
0.045 
0.000 
0.000 
H, 
H, 
H, 
H, 
H, 
ri-
l l . 
H, 
-0.010 
0.040 
0.000 
0.000 
0.000 
•0.035 
0.000 
•0.035 
•0.015 
•0.125 
0.020 
0.000 
0.000 
-0.010 
0.010 
0.000 
0.000 
0.000 
0.000 
0.000 
0 -0.015 
-0.010 
0.000 
0.000 
-0.010 
0.045 
0.000 
-0.030 
0.015 
-0.020 
0.000 
0.000 
-0.010 
0.000 
0.015 
-0.230 
0.045 
0.010 
0.035 
0.000 
E Q -0.035 
E 1 -0.040 
E 2 -0.045 
E 3 -0.015 
E, -0.010 
E 5 0.020 
E,, 0.000 6 
E ? -0.010 
E„ 0.000 o 
E 9 0.010 
J Q 0.000 
J 0.000 
J 2 0.000 
J 3 -0.010 
3, -0.010 4 
J 5 0.055 
J , 0.000 6 
J ? 0.015 
J Q -0.010 o 
J Q 0.035 
X = +0.001 
a = 0.035 
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Accumulation Cross i n meters of snow 
N- 6 0. 15 S- 6 0.016 
N- 7 0. 11 S- 7 0.116 
N- 8 0. 07 S- 8 0.034 
N- 9 0. 075 S- 9 0.078 
N-10 0. 155 s - i o 0.312 
N-11 0. 15 S - l l 0.169 
N-12 0. 09 S-12 0.135 
N-13 0. 175 S-13 0.172 
N-14 0. 065 S-14 0.098 
N-15 0. 09 S-15 0.295 
N-16 0. 155 S-16 0.126 
N-17 0. 12 S-17 0.120 
N-18 0. 195 S-18 0.097 
N-19 0. 095 S-19 0.128 
N-20 0. 105 S-20 0.093 
N-21 0. 135 S-21 0.109 
N-22 0. 13 S-22 0.045 
N-23 0. 095 S-23 0.120 
N-24 0. 06 S-24 0.098 
N-25 0. 195 S-25 0.100 
N-26 0. 00 S-26 0.007 
N-27 0. 02 S-27 0.108 
N-28 0, 12 S-28 0.085 
N-29 0. 00 S-29 0.070 
N-30 0. 08 S-30 0.087 
X 0. 105 X 0.099 
a " 0. 053 a = 0.084 
W- 6 0 065 E- 6 0 .040 
W- 7 0.220 E- 7 0 .100 
W- 8 0 225 E- 8 0 085 
W- 9 0.050 E- 9 0 065 
W-10 0.010 E-10 0 090 
W - l l 0 030 E - l l 0 138 
W-12 0 075 E-12 0 087 
W-13 0.045 E-13 0 137 
W-14 0 110 E-14 0 052 
W-15 0 045 E-15 0 037 
W-16 0 150 E-16 0 113 
W-17 0 075 E-17 0 130 
W-18 0 150 E-18 0 125 
W-19 0 125 E-19 0 061 
W-20 0 050 E-20 0 038 
W-21 0 095 E-21 0 095 
W-22 0 190 E-22 0 055 
W-23 0 230 W-23 0 137 
W-24 0 025 W-24 0 113 
W-25 0 035 E-25 0 111 
W-26 0 000 
W-27 0 070 
W-28 0 060 
W-29 0 090 
W-30 0 110 
X 0 093 X = 0.84 
a =0.067 a =0.048 
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Appendex I I . Complete f i g u r e s of v i s i b l e s t r a t i g r a p h y , 
gross 8 R a d i o a c t i v i t y , and m i c r o p a r t i c l e 
s t r a t i<*raphy. 
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Appendix I I I . Density P r o f i l e s from 3-meter P i t s 
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91 
E r r o r A n a l y s i s f o r Density Measurements 
The f o l l o w i n g e r r o r a n a l y s i s i s f o r a block of mass, M, volume V 
density p- with the length of sides a,b,c,. The percent e r r o r i n a 
density measurement can be determined i n the f o l l o w i n g way i f one 
known the accuracy i n the measurement of the length and the mass. 
p, = m / V - M/abc 
dp = dM - M„da - M db - M dc 
abc ab c abc 
3 
I f the block i s a cube, than a = b = c = a . 
The e r r o r i n the den s i t y measurement AP i s found by the f o l l o w -
ing expression: 
Ap = £M + M_ (Aa + Ab + Ac) = AM_ + M_ Aa 
3 4 3 4 a a a a 
where AM = the e r r o r i n the mass measurement 
Aa = the e r r o r i n the length measurement 
I f p = 345 kg/m V = 0 . 2 0 m M = 2 . 7 6 k g AM = 1-10 kg Aa = l ' l O -
P = 5.18-10" 3 kg/m3 
% e r r o r - 5.18-10~ 3/345 kg/m3 = 1.5% 
For a c y c l i n d e r of length and radius r w i t h mass, volume and 
dens i t y a s before, 
Ap = 1 AM + 2 MAr + MA w r i e r e &£ = e r r o r i n the length 
/ r 2 ^ ^ Ar * e r r o r i n the radius 
AM = e r r o r i n the mass 
3 A I f p = 345 kg/m r = 0.03 m 1 = 0.20 m M - 0.195 kg V - 566-10 
AM = 1-10" 4 kg Ap = 2.48-10" 1 % e r r o r = 7.2% Ar = l - 1 0 _ 3 m 
A£ = 1-10" 3 m 
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Appendix IV. Shallow P i t V i s i b l e Stratigraphy and Density 
P r o f i l e s . 
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Appendix V. Stratagraphic I n t e r p r e t a t e n t from 3-meter P i t s 
using v i s i b l e s t r a t i g r a p h y and m i c r o p a r t i c l e data. 
101 
S t r a t i g r a p h i c 
V i s i b l e S t r a t i g r a p h y 
Yr. I n t e r v a l (m) Layer Thickness (m snow) 
78 +0.12-0.00 0.12 
77 0.00-0.08 0.08 
76 0.08-0.18 0.10 
7 5 ] 0.18-0.28 0.10 
74] 
7 3 ] 0.28-0.50 0.22 
72] 
71 0.50-0.68 0.18 
70 0.68-0.88 0.20 
] 0.88-1.00 0.12 
68] 
67 1.00-1.10 0.10 
66 1.10-1.20 0.10 
65 1.20-1.38 0.18 
6 4 ] 1.38-1.48 0.10 
63] 
62 1.48-1.58 0.10 
6 1 ] 1.58-1.70 0.12 
60] 
59 1.70-1.80 0.10 
P r o f i l e A 
I n t e r p r e t a t ions 
M i c r o p a r t i c l e s  
Yr. I n t e r v a l (m) Layer Thickness (m snow) 
76 0.00-0.14 0.14 
75 0.14-0.22 0.08 
74 0.22-0.29 0.07 
73 0.29-0.38 0.09 
72 0.38-0.47 0.09 
71 0.47-0.67 0.20 
70 0.67-0.77 0.10 
69 0.77-0.89 0.12 
68 0.89-0.99 0.10 
67 0.99-1.07 0.08 
66 1.07-1.24 0.17 
65 1.24-1.33 0.09 
63] 
1.33-1.45 0.12 
62 1.45-1.53 0.08 
61 1.53-1.61 0.08 
6°] 
59] 
1.61-1.72 0.11 
o 
V i s i b l e S t r a t i g r a p h y 
S t r a t i g r a p h i c I n t e r p r e t a t i o n s 
P r o f i l e A (continued) 
M i c r o p a r t i c l e s 
Yr. I n t e r v a l (m) Layer Thickness (m snow) Yr. I n t e r v a l (m) Layer Thickness 
58 1.80-1. ,88 0.88 58 1.72-1.83 0. 11 
57 1.88-2 .00 0. 12 57 1.83-1.93 0.10 
56 2.00-2 .06 0.06 56 1.93-2.01 0.08 
55 2.06-2 .18 0. 12 55 2.01-2.09 0.08 
54 2.18-2 .22 0.04 54 2.09-2.21 0.12 
53 2.22-2 .36 0. 14 53 2.21-2.27 0.06 
52 2.36-2 .40 0.04 52 2.27-2.37 0.10 
51 2.40-2 .60 0.20 51 2.37-2.49 0.12 
50 2.60-2 .68 0.08 
49 2.68-2 .80 0.12 
48 2.80-2 .90 0.10 
X =0.10 
o = 0.06 
X =0.10 
a - 0.04 
S t r a t i g r a p h i c 
V i s i b l e S t r a t i g r a p h y 
Yr. I n t e r v a l (m) Layer Thickne 
78 +0.10-0.08 0.18 
77 0.08-0.13 0.05 
76 0.13-0.30 0.17 
75 0.30-0.38 0.08 
74 0.38-0.50 0.12 
73 0.50-0.56 0.06 
72 0.56-0.68 0.12 
71 0.68-0.76 0.08 
° 70 0.76-0.80 0.04 
69 0.80-0.90 0.10 
68 0.90-1.08 0.18 
67 1.08-1.20 0.12 
66 1.20-1.28 0.08 
65 1.28-1.38 0.10 
64 1.38-1.50 0.12 
63 1.50-1.58 0.08 
62 1.58-1.70 0.12 
61 1.70-1.78 0.08 
60 1.78-1.90 0.12 
59 1.90-2.00 0.10 
P r o f i l e B 
I n t e r p r e t a t i o n s 
M i c r o p a r t i c l e s 
Yr. I n t e r v a l (m) Layer Thickness (m snow) 
78 0.00-0.04 0.04 
77 0.04-0.13 0.09 
76 0.13-0.31 0.18 
75 0.31-0.47 0.16 
74 0.47-0.63 0.16 
73 0.63-0.79 0.16 
72 0.79-0.89 0.10 
71 0.89-0.96 0.06 
70 0.96-1.04 0.06 
69 1.04-1.14 0.10 
68 1.14-1.25 0.11 
67 1.25-1.33 0.08 
66 1.33-1.42 0.09 
65 1.42-1.52 0.10 
6 4 ] 1.52-1.65 0.13 
63] 
62 1.65-1.76 0.11 
61 1.76-1.88 0.12 
60 1.88-1.93 0.05 
59 1.93-2.02 0.09 
o 
V i s i b l e S t r a t i g r a p h y 
S t r a t i g r a p h i c I n t e r p r e t a t i o n s 
P r o f i l e B (continued) 
M i c r o p a r t i c l e s 
Yr. I n t e r v a l (m) Layer Thickness (m snow) J r . I n t e r v a l (m) Layer Thickness 
58 2.00-2.06 0 .06 58 2.02-2.09 0.07 
57 2.06-2.14 0.08 57 2.09-2.20 0.11 
56 2.14-2.26 0.12 56 2.20-2.31 0.11 
55 2.26-2.42 0 .16 55 2.31-2.37 0 .06 
54 2.42-2.46 0 .04 54 2.37-2.47 0.10 
53 2.46-2.60 0.14 53 2.47-2.57 0.10 
52 2.60-2.72 0.12 52 2.57-2.70 0.13 
51 2.72-2.80 0 .08 51 2.70-2.80 0.10 
50 2.80-2.90 0 .10 50 2.80-3.00 0.20 
X • 0 .10 
a - 0 .04 
X = 0 .10 
a = 0 .04 
P r o f i l e C 
V i s i b l e S t r a t i g r a p h y 
S t r a t i g r a p h i c I n t e r p r e t a t i o n s 
M i c r o p a r t i c l e s 
I I - I n t e r v a l (m) Layer Thickness (m snow) Yr. I n t e r v a l (m) Layer Thicknes 
78 0.00-0.10 0 .10 78 0.00-0.06 0 .06 
77 0.10-0.14 0 .04 77 0.06-0.21 0.15 
76 0.14-0.28 0 .14 76 0.21-0.31 0 .10 
75 0.28-0.36 0.08 75 0.31-0.42 0.11 
74 0.36-0.50 0 .14 74 0.42-0.58 0.16 
73 0.50-0.60 0.10 73 0.58-0.69 0.11 
72 0.60-0.72 0.12 72 0.69-0.76 0.07 
S 71 0.72-0.80 0.08 71 0.76-0.86 0.10 
70 0.80-0.95 0.15 70 0.86-0.97 0.11 
69 0.95-1.00 0.05 69 0.97-1.07 0 .10 
68 1.00-1.10 0.10 68 1.07-1.15 0.08 
67 1.10-1.19 0.09 67 1.15-1.23 0.08 
66 1.19-1.25 0 .06 66 1.23-1.33 0.10 
65 1.25-1.40 0.15 65 1.33-1.48 0.15 
64 1.40-1.50 0.10 64 1.48-1.53 0.05 
63 1.50-1.58 0.08 63 1.53-1.63 0 .10 
62 1.58-1.62 0.04 62 1.63-1.73 0 .10 
61 1.62-1.78 0 .16 61 1.73-1.79 0.06 
60 1.78-1.82 0.04 60-j 1.79-1.95 0.16 
59 1.82-1.86 0 .04 59] 
P r o f i l e C (continued) 
S t r a t i g r a p h i c I n t e r p r e t a t i o n s 
VJlsible S t r a t i g r a p h y M i c r o p a r t i c l e s 
o 
Yr. I n t e r v a l (m) Layer Thickness (m snow) 
58 
I n t e r v a l (m) Layer Thickness 
58 1.86-2.04 0.08 1.95-1.99 0.04 
57 
56 
2.10-2.20 
2,10-2.20 
0.06 
0.10 56] 
1.99-2.13 0.14 
55 2.20-2.42 0.20 55 2.13-2.26 0.13 
54 2.42-2.52 0.10 54 2.26-2.48 0.22 
53 2.52-2.72 0.20 53 2.48-2.61 0.13 
52 2.72-2.82 0.10 52 2.61-2.81 0.20 
51 2.82-2.90 0.08 51 2.81-3.00 0.19 
X - 0.10 
a - 0.05 
X = 0.11 
a = 0.05 
Stratigraphic 
V i s i b l e Stratigraphy 
Yr. Interval (m) Layer Thickness (m snow) 
78 +0.06—0.12 0.18 
77 0.12-0.17 0.05 
76 0.17-0.25 0.08 
75 0.25-0.33 0.08 
74 0.33-0.48 0.01 
73 0.48-0.74 0.26 
72 0.74-0.82 0.08 
71 0.82-0.90 0.08 
70 0.90-1.02 0.12 
69 1.02-1.12 0.10 
68 1.12-1.32 0.20 
67 1.32-1.50 0.18 
66 1.50-1.62 0.12 
65 1.62-1.86 0.24 
64 1.86-2.00 0.14 
63 2.00-2.08 0.08 
62 2.08-2.18 0.10 
61 2.18-2.26 0.08 
60 2.26-2.52 0.26 
59 2.52-2.64 0.12 
P r o f i l e D 
Interpretations 
M i c r o p a r t i c l e s 
Yr. Interval (m) Layer Thickness (m snow) 
78 0.00-0.20 0.20 
77 0.20-0.28 0.08 
76 0.28-0.51 0.23 
75 0.51-0.77 0.26 
74 0.77-0.85 0.08 
73 0.85-0.91 0.06 
72 0.91-0.99 0.08 
71 0.99-1.07 0.08 
70 1.07-1.17 0.10 
69 1.17-1.24 0.06 
68 1.24-1.36 0.12 
67 1.36-1.48 0.12 
66 1.48-1.67 0.19 
65 1.67-1.89 0.22 
64 1.89-2.09 0.20 
63 2.09-2.15 0.06 
62 2.15-2.25 0.10 
61 2.25-2.41 0.16 
60 2.41-2.50 0.08 
59 2.50-2.69 0.19 
^. , . _ . . P r o f i l e D (continued) S t r a t r g r a p h i c I n t e r p r e t a t i o n s ' 
V i s i b l e S t r a t i g r a p h y M i c r o p a r t i c l e s 
I n t e r v a l (m) Layer Thickness (m snow) Yr. I n t e r v a l (m) Layer Thickness (m snow) 
2.64-2.80 0.16 58 2.69-2.87 0.18 
2.80-2.90 0.10 57 2.87-3.00 0.13 
X = 0.13 X = 0.14 
0 = 0.06 o* = 0.06 
P r o f i l e E 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
I n t e r v a l 
V i s i b l e S t r a t i g r a p h y  
(m) Layer Thickness (m snow) 
S t r a t i g r a p h i c I n t e r p r e t a t i o n s 
0.00-0, 
0.14-0. 
0.20-0, 
0.48-0. 
0.54-0 
0.60-0, 
0.80-0. 
0.88-0. 
0.99-1. 
1.12-1, 
1.24-1, 
1.28-1, 
1.40-1, 
1.54-1. 
14 
20 
48 
54 
60 
80 
88 
90 
12 
24 
28 
40 
54 
64 
0.14 
0.06 
0.28 
0 .06 
0.06 
0 .20 
0.08 
0 .11 
0.13 
0.12 
0.04 
0.12 
0 .14 
0.10 
Yr. 
64 
63 
6 2 ] 
61] 
60 
58] 
57 
56 
55 
54 
53 
52 
M i c r o p a r t i c l e s  
I n t e r v a l (m) Layer Thickness (m snow) 
1.64-1.73 
1.73-1.80 
1.80-2.00 
2.00-2.06 
2.06-2.12 
2.12-2.32 
2.32-2.45 
2.45-2.60 
2.60-2.64 
2.64-2.70 
2.70-2.90 
0.09 
0.07 
0 .20 
0.06 
0.06 
0 .20 
0.13 
0.15 
0.04 
0.06 
0 .20 
0 .11 
0.07 
Appendix V I . Temperature G r a d i e n t C a l c u l a t i o n s from South P o l e . 
I l l 
Depth I n t e r v a l ( C/cm) 
Date .05-.25 .05-.50 .05-1.00 1.00-3.00 
Jan. 19 - - - +.068 
Jan. 27 - - +.053 
Jan. 31 - - - +.063 
Feb. 3 + .110 +.073 - +.060 
Feb. 7 -.085 -.037 - -
Feb. 8 - - - +.056 
Feb. 12 -.190 -.113 -.056 +.048 
Feb. 16 -.120 -.086 -.058 +.037 
Feb. 18 +.390 +.197 +.080 +.034 
Feb. 19 +.285 +.180 +.091 +.034 
Feb. 20 +.200 +.137 +.087 +.035 
Feb. 21 -.085 -.009 -.017 +.037 
Feb. 22 +.025 +.024 +.030 +.037 
Feb. 23 .000 + .009 +.014 + .038 
Feb. 24 -.115 -.051 -.020 +.038 
Feb. 25 +.060 + .020 +.031 +.038 
Feb. 26 - - - +.038 
Feb. 27 -.175 -.073 -.028 +.036 
Mar. 2 -.405 -.208 - -
Mar. 6 -.350 -.188 -.126 +.025 
Mar. 9 -.165 -.093 -.080 +.018 
Mar. 12 .000 -.004 -.034 +.012 
Mar. 15 -.580 -.304 -.190 +.010 
Mar. 17 -.385 -.220 -.169 +.005 
Mar. 18 -.100 -.080 -.107 +.005 
Mar. 19 -.180 -.080 -.100 +.000 
Mar. 20 -.195 -.086 -.095 +.003 
Mar. 21 +.035 +.016 -.040 -.004 
Mar. 22 -.160 -.071 -.069 -.004 
112 
Depth I n t e r v a l (°C/cm) 
Date .05-.25 .05-.50 .05-1.00 1.00-3.00 
Mar . 23 -.660 -.293 -.184 -.004 
Mar . 24 -.565 -.251 -.187 -.004 
Mar . 25 -.500 -.222 -.184 -.006 
Mar . 26 -.455 -.202 -.180 -.008 
Mar . 31 -.480 -.213 - -
A p r . 3 -.360 -.197 -.158 -.019 
A p r . 6 -.360 -.184 -.135 -.022 
A p r . 9 -.270 -.160 -.133 -.024 
A p r . 12 -.225 -.131 -.116 -.116 
A p r . 15 -.245 -.066 -.123 -.030 
A p r . 18 - - -.164 -.033 
A p r . 21 -.460 -.111 -.164 -.034 
A p r . 24 -.285 -.069 -.117 -.035 
A p r . 27 -.110 -.030 -.077 -.036 
A p r . 30 -.220 -.057 -.100 -.036 
May 3 + .175 +.070 -.002 -.037 
May 6 -.245 -.064 -.087 -.036 
May 9 + .030 .000 -.023 -.035 
May 12 .000 + .028 -.037 -.034 
May 15 -.045 -.020 -.018 -.032 
May 18 -.075 -.071 -.051 -.028 
May 21 +.210 + .082 +.025 -.028 
May 24 - - - -.027 
May 27 -.070 -.042 -.024 -.023 
May 30 -.040 -.077 -.054 -.023 
June 3 + .070 + .004 -.007 -.024 
June 6 +.085 + .055 +.007 -.024 
June 9 -.085 -.073 -.049 -.025 
June 12 + .070 + .002 -.030 -.025 
June 15 -.165 -.173 -.116 -.027 
June 16 -.200 -.180 -.128 -
113 
Depth I n t e r v a l ( C/cm) 
Date .05-.25 .05-.50 .05-1.00 1.00-3. 
June 17 -.300 -.213 -.147 -
June 18 -.155 -.160 -.126 -.030 
June 19 -.230 -.228 -.157 -
June 20 -.210 -.195 -.145 -
June 21 -.170 -.191 -.145 -.036 
June 22 -.095 0.133 -.122 -
June 23 +.060 +.026 -.041 -
June 24 +.350 + .204 +.060 -.039 
June 27 -.075 -.017 -.015 -.033 
June 30 -.185 -.137 -.084 -.030 
J u l y 4 - - - -.028 
J u l y 6 -.105 -.055 -.015 -.023 
J u l y 9 +.140 + .073 +.013 + .020 
J u l y 12 -.130 -.100 -.061 -.021 
J u l y 15 + .085 +.009 -.012 -.021 
J u l y 18 -.105 -.076 -.038 -.022 
J u l y 21 -.035 -.022 -.015 -.020 
J u l y 24 -.260 -.226 -.133 -.020 
J u l y 27 -.030 -.042 -.046 -.021 
J u l y 30 +.005 + .035 +.035 -.018 
A u g . 3 -.050 -.062 -.034 -.016 
Aug . 6 -.105 -.171 -.103 -.020 
Aug . 9 -.220 -.222 -.152 -.024 
Aug . 12 -.110 -.053 -.049 -.028 
A u g . 15 -.105 -.100 -.069 -.029 
Aug . 18 + .055 -.013 -.024 -.028 
Aug . 21 + .010 +.007 -.005 -.030 
Aug . 24 -.030 +.009 + .008 -.028 
A u g . 27 -.080 -.088 -.045 -.026 
Aug . 31 -.250 -.224 -.127 -.025 
S e p t . 3 +.095 +.042 
114 
-.002 -.025 
Depth I n t e r v a l (°C/cm) 
Date .05-.25 .05-.50 .05-1 
S e p t . 6 -.185 -.082 -.049 
S e p t . 9 -.245 -.108 -.069 
S e p t . 12 + .215 +.095 +.035 
S e p t . 15 + .315 +.140 +.081 
S e p t . 18 -.555 -.246 -.104 
S e p t . 21 -.175 -.208 -.128 
S e p t . 24 +.435 +.362 + .165 
S e p t . 27 - - -
S e p t . 30 -.055 -.046 -.005 
O c t . 3 -.180 -.131 -.060 
O c t . 6 -.135 -.088 -.050 
O c t . 12 - - -
O c t . 15 -.100 -.017 + .005 
O c t . 18 +.080 +.048 +.017 
O c t . 21 +.295 +.206 +.092 
O c t . 24 +.170 +.122 +.074 
O c t . 27 +.040 +.164 +.106 
O c t . 30 +.200 +.255 +.176 
Nov. 3 + .060 + .113 +.098 
NOV. 6 +.075 + .080 +.070 
Nov. 9 +.080 +.108 -
Nov. 12 +.150 +.155 +.122 
Nov. 15 - - -
1.00-3.00 
-.024 
-.025 
-.024 
-.023 
-.020 
-.020 
-.023 
-.009 
-.011 
-.010 
-.009 
-.004 
-.007 
+.0005 
-.000125 
-.0013 
+.000125 
-.000122 
+.0065 
+.017 
+ .014 
+ .014 
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Appendix V I I . C a l c u l a t i o n s Considering the importance of forced 
convection to mass f l u x . 
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The f o l l o w i n g c a l c u l a t i o n s assess i n a very rough way the impor-
tance of forced convection to mass t r a n s f e r i n the near surface layers 
of a polar snow cover. The c a l c u l a t i o n considers the heat t r a n s f e r 
associated w i t h evaporation of i c e (sublimation from i c e to vapor). 
Consider that a l l the heat which penetrates the f i r n during the 
summer i s l o s t by forced convection i n the autumn. The c o l d a i r 
entering the f i r n i s warmed by a s s o c i a t i o n w i t h the f i r n and i t 
remains saturated with respect to i c e and c o l l e c t s moisture by evap-
o r a t i o n of the f i r n . Convection exchanges a i r above the snow with 
a i r between the f i r n g r a i n s . Subsequent loss of t h i s a i r involves 
vapor and heat l o s s . Most of the heat i s i n the form of l a t e n t heat 
of evaporation of i c e ; the heat c a p a c i t y of dry a i r i s n e g l i g i b l y 
small. 
Consider a volume of f i r n (Vf) i n the near surface layer of a 
polar i c e sheet. The density of t h i s f i r n i s (pf) and the volume of 
a i r i n the f i r n i s given by V = ( p i c e -pf / P i C e ^ v f * T h e concentra-
t i o n (m), of aqueous vapor present i n the block of f i r n can be calcu-
l a t e d from the p e r f e c t gas law: 
(1) m - P V W 
R T 
W = molecular weight of water 
P • vapor pressure of aqueous vapor 
over i c e at T. 
V = volume of a i r space 
T = temperature i n 
temperatures with T^ > T 2 
R = U n i v e r s a l Gas Content 
m = concentration of aqueous vapor 
K T x and T 2 are 
As the c o l d a i r which enters the f i r n In the autumn i s warmed 
from T 2 to T p the change i n vapor mass A m i s : 
(2) A m - VW 
R 
The energy to form t h i s vapor i s drawn from the i c e matrix. This 
loss of energy cools the f i r n . The amount of c o o l i n g , T', from t h i s 
a i r exchange can be c a l c u l a t e d as f o l l o w s : 
(3) T 1 = A m L B L g = Latent heat of sublimation (which 
— — i s the sum of the heat required 
f i to r a i s e i c e to the melting point 
plus the l a t e n t heat of sublima¬
t i o n at 0 C. 
M^ = Mass of f i r n o r i g i n a l l y present 
C i • Heat ca p a c i t y of i c e 
T 1 = Temperature drop associated with 
evaporation 
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Assume that the c o o l i n g which occurs i n the autumn can be a t t r i -
buted to the sublimation from i c e to vapor. The number of a i r 
exchanges needed to change the temperature of the f i r n by A T i s 
roughly c a l c u l a t e d as f o l l o w s : 
(4) N = A T A T = T L - T 2 (where I > T ) 
^ N = number of exchanges/year 
and the t o t a l mass l o s t each year (M)* by these exchanges i s : 
(5) M* = N A B M* = mass of water vapor removed i n 
each year 
Combining equations (3), ( 4 ) , and (5): 
(6) M* = A T M f C f 
The number of years required to remove a c e r t a i n percent of the 
o r i g i n a l mass of f i r n can now be c a l c u l a t e d : 
(7) n = x 7. n = number of years 
— x - percent of the o r i g i n a l mass l o s t 
M* . 
by evaporation 
S i m i l a r l y , the amount of mass removed i n a c e r t a i n number of 
years can also be c a l c u l a t e d : 
(8) M = n M* M = mass l o s t i n n years 
n n 
An example of these c a l c u l a t i o n s i s shown below with the follow-
ing values considered to be t y p i c a l f o r Dome C 
-3 1 
When 1 = -20C (253 K),Pl = 0.776 mmHg or 1.02-10 atm 
When T 2 = -40C (233 K ) , P 2 = 0.966 mm Hg or 1.27-10-4 atm 1 
p = 350 kg/m3 
p i c e = 9 1 7 k g / m 3 
L g = 6.76-10"5 c a l / k g 
C. = 5.0-10 2 c a l / C - k g ( # # ) 
/ - ft o i A - 5 i / t . i (###) R = 8.2-10 l-atm/k-mole v 
-2 1 W • 1.8-10 kg/mole 
# Yen (1969) 
## C.R-C Handbook of Chemistry and Ph y s i c s , Weast, R.D. ed., The 
Chemical Rubber Company, 50th ed., Cleveland, 1970. 
### Murphy, D.B. and Rousseau, V., Foundations of College Chemistry, 
2nd ed., The Ronald Press, New York, 1975. 
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^ Consider a u n i t volume of f i r n (1 m ) with a de n s i t y 350 kg/ 
m . The concentration of aqueous vapor present i n t h i s f i r n i s 
c a l c u l a t e d from equation I . 
The change i n vapor mass when cold a i r with a temperature 
Tj s 40 C i s Introduced i n t o f i r n w i t h a temperature T^ = -20°C _g 
i s c a l c u l a t e d from equation 2. This change i n mass, A = 4.7-10 
kg/exchange. 
The amount of c o o l i n g , T* from t h i s exchange i s c a l c u l a t e d from 
equation 3. 
T* = 1.8-10"7 °C/exchange 
The number of a i r exchanges N required to cool the f i r n by T i s 
c a l c u l a t e d from equation 4. 
g 
N = 1.1-10 exchanges 
The t o t a l mass of aqueous vapor l o s t during these exchanges i s 
determined from equation 5. 
M* = 5.2 kg 
The most prominent low density l a y e r s at Dome C were found 
between 1.5 and 3.0 meters. With an average annual accumulation of 
about 0.10 m of snow/year, snow at 1.5 m i s about 15 years o l d . Using 
equation 8, i t can be c a l c u l a t e d that i n 15 years, 78 kg of f i r n 
would be l o s t from a cubic meter of f i r n w i t h an o r i g i n a l d e n s i t y of 
350 kg/m^. This i s almost one-quarter of the o r i g i n a l mass of f i r n 
and thus, i s considered to be an extreme value. 
In a d d i t i o n to ig n o r i n g the heat t r a n s f e r associated w i t h thermal 
conduction, t h i s c a l c u l a t i o n ignores the c o n t r i b u t i o n s from the 
reverse s i t u a t i o n i n which warm moist a i r i s exchanged with c o l d dry 
a i r i n the f i r n , adding mass to the f i r n . However since the cold 
dry a i r i n the f i r n i s r e l a t i v e l y s t a b l e , t h i s process may cause 
de p o s i t i o n only i n the very near surface l a y e r s . With depth, the 
c o n t r i b u t i o n from t h i s process becomes l e s s important. 
The mass l o s s c a l c u l a t e d from t h i s model i s considered to be a 
maximum f o r several reasons. Two important f a c t o r s which introduce 
an u n c e r t a i n t y i n these c a l c u l a t i o n s are the f o l l o w i n g : 
(1) An u n c e r t a i n t y e x i s t s i n whether the amount of a i r required f o r 
these exchanges can p h y s i c a l l y be passed through the f i r n i n the 
time required by t h i s model. 
(2) An u n c e r t a i n t y e x i s t s i n how much of the summer warm wave can 
a c t u a l l y be cooled by t h i s process. I f , as de Quervain (1972) 
suggests, that thermal c o n d u c t i v i t y of the Ice matrix contributes 
to 75 percent of the e f f e c t i v e c o n d u c t i v i t y i n the f i r n , then 
the maximum c o o l i n g which can be a t t r i b u t e d to forced convection, 
as described i n t h i s model, i s only 25 percent. 
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Despite the rough nature of these c a l c u l a t i o n s and the uncer-
t a i n t i e s discussed above, i t appears that forced convection i s poten-
t i a l l y an important process c o n t r i b u t i n g to heat and mass t r a n s f e r i n 
low temperature f i r n . M o d i f i c a t i o n s to t h i s model should incorporate 
the e f f e c t s of varying wind speeds and progressive changes i n absolute 
temperature throughout the year. Changes i n den s i t y of the f i r n 
r e s u l t i n g from mass loss (decreases) and those due to increased load 
(increases) must be balanced against one another. F i n a l l y , a s c a l i n g 
f a c t o r should be incorporated r e l a t i n g to the extent to which t h i s 
process a c t u a l l y c o n t r i b u t e s to temperature changes and mass t r a n s f e r . 
A value of 25 percent of the t o t a l annual heat exchange i s suggested 
as a maximum l i m i t to the c o n t r i b u t i o n from t h i s process. 
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